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StarSense 
TECHNOLOGY 


Automatically align 
your Celestron 

telescope with our 
StarSense Accessory! 


The revolutionary technology in 
the award-winning SkyProdigy 
telescope Is now available for 
almost every Celestron 
computerised telescope. 





Align and control your 
Celestron telescope 
wirelessly using your 
iPhone or iPad! 
Celestron’s innovative new SkyQ Link WiFi Module turns 


your iPhone or iPad into your own personal planetarium 
and observatory! 


SkyQ Link 
WiFi Module 








Available on the 
a App Store 





STOCKIST F1 Telescopes Green Witch (South) 
\CELESTRON’ Sittingbourne Bedfordshire 
- SUPERCENTRES 01795 432702 01767677025 
Astronomia Green Witch (North) Widescreen Centre 
Dorking West Yorkshire Central London 
01306 640714 01924 477719 020 7935 2580 


and specialist dealers nationwide 


WWW.celestron.uK.com 


Celestron®, SkyQ™ and StarSense™ are trademarks or registered trademarks of Celestron Acquisition, LLC in the United States and in dozens of other countries around the world. 
All rights reserved. David Hinds Ltd is an authorised distributor and reseller of Celestron products. The iPhone® and iPad® are trademarks of Apple Inc., registered in the U.S. and other countries. 
AppStore is a trademark of Apple Inc. 
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science definitely seems the movie's also got some triple-A Hollywood 
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remarkably detailed science fiction movies that ! A 
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Space strike 


Skylab 4 is shown here next to its Mobile Service 
Structure (MSS) the night before its launch on 
16 November 1973. It's shot as a time-exposure 
photograph in which the MSS appears as a colourful 
streak of light, while the space vehicle is stationary. 
Skylab 4 was perhaps most famous for being 
the first workers’ strike in space. The three-man 
crew, astronauts with no prior experience in a space 
station, felt that they were pushed too hard by 
Ground Control and, six weeks into their mission, 
cut communications to take an unscheduled day 
off. The negotiations that followed the strike set the 
standard for how astronauts are treated today. 
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PromISSed land 


A somewhat homesick André Kuipers, ESA astronaut aboard 
the ISS, takes a snapshot of the Earth with the setting Moon 
dipping behind the upper layers of the atmosphere. Kuipers 
was part of the ESA's Prom!SSe mission, its first long-duration 
mission aboard the space station that launched on 21 December 
2011 and completed in July 2012. Kuipers is a medical doctor 
and completed over 50 scientific experiments on the ISS's 
permanent microgravity laboratory, including research into 
osteoporosis, the death of immune cells and even migraines. His 
experiments will benefit both space and terrestrial medicine. 
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NGC 2020 is ionising =I 














Cosmic chemistry set 


Here we have two distinctive celestial objects: NGC 2014 in 
red and NGC 2020 in blue, both captured in visual and near- 
ultraviolet using the ESO's VLT (Very Large Telescope). They'fe 
found in the Large.Magellanic Gloud, 163,000 light years from 
the Milky Way and were formed in the same way. Stellaf winds ~ 
from the very hot, new stars disperse the gas they produce into 
their local environment, irradiating it and causing it to glow. 
Unters a RNAS Cale) OL eM o-oo mao] 6 | 
different gases: red NGC 2014 is ionising hydrogen, while blues « 








House viewing 


The Orion crew module is the new transport and habitat 
for astronauts on missions beyond low Earth orbit to 
asteroids, Mars and other destinations. Familiarising 
astronauts with the craft as well as testing the technology 
is an essential part of the programme, which is why, in 
preparation for these future missions, a mockup is made 
and placed in a dedicated facility in NASA's Johnson Space 
Center, in Houston. Astronauts Cady Coleman and Ricky 
Arnold can be seen here, investigating the fittings and 
white goods of the Orion crew module from outside the 
hatch, as a part of a spacesuit check test in June. 
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“Trillions Of times more powerful than ney 
magnetic field ef a, hospital MRI scanner” 





The ESA's XMM-Newton space 
observatory will study the magnetic 
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The European Space Agency (ESA) is 
paying special attention to a relatively 
recent discovery of a neutron star, 
because of its unusually powerful 
magnetic field. 

SGR 0418 was officially recorded 
in 2009 and is a magnetar, a type of 
neutron star known to act as a giant 
magnet for a relatively brief period of 
time, generating a field that can be 
trillions of times more powerful than 
the intense magnetism of a hospital 
WONG vert eh aloe 

This particular magnetar is located 
within the Milky Way, around 6,500 
light years away from Earth and at 
the time of its discovery, the data 
suggested to scientists that it was a 
oe an CCUI ED ARYAN olen) cerns nloIeR 

“Until very recently, all indications 
Aci kcmGUE-1 NM BD ESM UB TeTodalcles Dam Br-(e Me) eloMOyE 
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the weakest surface magnetic fields 
known,” said Dr Andrea Tiengo of 
the Istituto Universitario di Studi 
Superiori, Pavia, Italy, who led the 
study. “At 6 x 10” Gauss, it was 
roughly 100 times lower than for 
typical magnetars. Understanding 
these results was a challenge. 
However, we suspected that SGR 0418 
was in fact hiding a much stronger 
magnetic field, out of reach of our 
usual analytical techniques.” 
Ordinarily, scientists determine the 
strength of a magnetar’s magnetic 
field by measuring its rate of spin ( 
they normally complete a full rotation 
in a few seconds) and how much it is 
declining. After measuring the rate 
of SGR 0418's spin over the course of 
three years, Dr Tiengo and his team 
had settled on a figure that suggested 


a much weaker magnetic field than 
average. It wasn't a figure they were 
happy with, however. 

SGR 0418 is a powerful emitter 
of X-rays and gamma rays, so the 
team began to search in short bursts 
for variations in that region of the 
electromagnetic spectrum, giving 
them a much more detailed analysis 
of the neutron star. The results were 
only explained by an extremely 
powerful, localised magnetic spot on 
SGR 0418. 

“On average, the field can appear 
fairly weak, as earlier results have 
suggested,” said Dr Tiengo, “but we 
are now able to probe sub-structure 
on the surface and see that the field 
is very strong locally. To explain our 
observations, this magnetar must 
have a super-strong, twisted magnetic 


A small region of magnetar SGR 0418 observed using new 
techniques, boasting the most intense magnetic field yet , 







field reaching 10° Gauss across small 
regions on the surface, spanning only 
a few hundred metres across.” 

The technique, combined with data 
from the European Space Agency's 
X-ray space observatory, XMM- 
Newton, will be used in the future to 
examine the magnetic fields of other 
magnetars. Magnetars and pulsars are 
both types of neutron stars, the cores 
of previously massive stars that have 
burned up their fuel, gone supernova 
and blown off all their outer layers 
to leave a small and incredibly dense 
object. Typically, they pack several 
times the mass of our Sun into a 
sphere with a diameter of just 20 
kilometres (12.4 miles), while a piece 
of neutron star the size of a grain of 
sand can weigh as much as a Boeing 
747 airliner. @ 
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Space laser 





communications 





tested 


NASAs new space communications 
system could help revolutionise our 
view of the Solar System 


NASA is currently trialling a 

laser communications system in 
conjunction with the Massachusetts 
Institute of Technology that could 
make three-dimensional, high- 
definition videos of space the viewing 
standard on Earth. 

The groundbreaking system, called 
LLCD (Lunar Laser Communication 
Demonstration), began its operations 
on board LADEE (Lunar Atmosphere 
and Dust Environment Explorer) 
when it launched earlier this month. It 
consists of the terminal payload aboard 
LADEE and three ground terminals at 
different locations around the globe. 

As a laser system, LLCD can carry 
many more times the amount of 
data than current radio frequency 
communications systems, and is 


less prone to interference. As radio 
frequency is approaching its limit and 
the demand from space agencies for 
larger bandwidths and more reliable 
transmission continues to grow, it’s a 
great time to trial this technology. 
“LLCD is designed to send six 
times more data from the Moon 
using a smaller transmitter with 25 
per cent less power as compared 
to the equivalent state-of-the-art 
radio (RF) system,” explained LLCD 
mission manager Don Cornwell. “We 
can even envision such a laser-based 
system enabling a robotic mission to 
an asteroid... it could have 3D, high- 
definition video signals transmitted 
to Earth providing essentially 
‘telepresence’ to a human controller on 
the ground.” @ 


“3D, high-definition video 
signals transmitted to Earth” 


NASA's Jet Propulsion Lab laser ground terminal 






































in the Table Mountain facility, California 
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All About History issue 4 - also 
available on iTunes for less 


Subscribe 
to All 
About 
History for 
just £1.99 


The most accessible, exciting and 
entertaining history magazine 
available can now be enjoyed on 
your iPad or iPhone. What’s more, 
buying the magazine in this 
format offers some truly amazing 
Savings for fans of times past. 

The latest issue of All About 
History, on sale now, offers 
an in-depth look at two of the 
greatest military minds in history, 
Napoleon and Wellington: 
who was the real victor? Other 
highlights include the story 
of Julius Caesar's incredible 
rise to power, ten of the most 
infamous outlaws in history and 
Muhammad Ali's battles inside 
and outside of the boxing ring. 

All About History magazine 
is packed with stunning 
illustrations, facts and insight into 
the past, with expert knowledge 
and eyewitness accounts of the 
most famous events in recent 
history from those who have 
lived to tell the tale. 

Take out a monthly 
subscription to All About History 
via iTunes and you'll get billed 
just £1.99 for each issue, that’s a 
saving of 50p on single digital 
issues and £2 cheaper than 
buying print copies. Alternatively, 
All About Space magazine is 
available for just £3.99 from 
newsagents and supermarkets. @ 
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NASA recently tested a record- 
breaking rocket engine, blasting 
up to 9,071kg (20,000lb) of thrust. 
It's a record not because of the 
force generated but because one of 
the components was 3D-printed. 
It's a big step towards more cost- 
effective space exploration. 


Curiosity 
goes solo 


The Mars Curiosity rover has 
roamed solo for the first time. 
Using its autonomous navigation 
system, or autonav, NASA allowed 
the rover to decide for itself the 
Safest course to take to its next 
destination, Mount Sharp in the 
centre of Gale Crater. 


ESO turns 50 


The European Southern 
Observatory has celebrated the 
50th anniversary of its first 
observatory. The agreement with 
the Chilean authorities was signed 
in 1963 when the Atacama Desert 
site was recognised as one of the 
best spots for terrestrial astronomy 
in the world. 


Huge canyon 
ae 


Using NASA's Operation IceBridge 
telescope, researchers have 

found a huge canyon under the 
Greenland ice sheet. At over 
750km (460mi), it’s longer than 
the Grand Canyon and has lain 
under the ice for millions of years. 








Brain Dum 


new digit 


only science 
mag now 


available 


Brain Dump, a first-of-its-kind, 
digital-only science magazine for 
iPad, iPhone and Android devices, is 
now available. This groundbreaking 
product can be subscribed to on 
Apple's Newsstand and Google Play 
from just £0.69 ($0.99). 

Built on a new digital platform 
designed by world-leading agency 
3 Sided Cube, Brain Dump delivers 
a flurry of fascinating facts every 
issue, reducing tough-to-grasp 
concepts about science, nature and 
more into bite-sized articles. 

“Brain Dump is a milestone 
product for more than one 
reason,” said Aaron Asadi, Head of 
Publishing. “This is a brand-new 
digital publishing initiative that 
will make everyone sit up and 
take notice - from its cutting-edge 
subscription model to the bespoke 
design and shape of the content.” 

Dave Harfield, Editor In Chief, 
added: “It’s a proud moment for 
us. Since How It Works’ rise to 
dominance, we've worked tirelessly 
to build on its legacy. Brain Dump is 
a result of that passion, aiming to be 
as entertaining as it is educational, 
with breathtaking photography and 
illustrations. The editorial, design 
and bold price point make it truly 
accessible and sets a new standard 
for knowledge/science magazines on 
tablet and smartphone.” 

The new digital publication 
is the latest addition to Imagine 
Publishing's expanding portfolio 
and a free sample issue will come 
pre-installed on the app. @ 
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‘The Boomerang Nebula, one of 
the coldest objects in space, is still 
warmer than the ultracold atoms in * 

Professor Chin's experiment 


Big era 


sian Seb. 


SetneweeNcn (col 
the Big Bang ree 


. university laboratory 


DIN e Riel the,University of Chicago 
have created a pattern similar to 
that of the Big Bang in a laboratory 
simulation. Using around 10,000 
ultracold atoms of caesium, that is, 
caesium atoms that have been cooled: 
to a billionth of a degree of absolute 

ero (-273 degrees Celsius/-459.67 
degrees Fahrenheit), in a vacuum ° “s ' 
chamber, professor Cheng Chin and and create an extremely exotic state 
his team were able to observe this of matter called a two-dimensional 
ultragold cloud display characteristics atomic superfluid. The cloud acts in a 
USI c}KcAY(c) AASUNO BNE E Den Comes elo similar way to sound waves, just like 
immediately following the Big Bang. » they did in the very early universe, 
This resonates today in the cosmic correlating with speculation about , 
microwave background. inflation just after the Big Bang. 

At temperatures this close to By re-creating this early universe 

absolute zero, the atoms are excited simulation on a Mt Carerseo pte a 


Sun's identical twin 
discovered. 


Scientists have found the oldest solar 
twin in the universe 


A team of scientists using the 
European Southern Observatory’s 
VLT (Very Large Telescope) have 










und aaa aatBrEatcReyd 
TAN, vhen it was very young 
and small, just 100,000 light years in 
diameter (about the same size as the 
Milky Way today) compared to the 

pil tteyeISROvE light years in diameter it is 
today. Using this technique, scientists 
will be able to simulate npreVeM Ala alse 
ee labneeT erate eer for study. @ 






















around 250 light years away from us 
in the constellation Capricornus and is 
estimated to be around 4 billion years 
older than our Sun. 

The reason why that’s significant? 
The entire history of Sun observations 
with telescopes only goes back to 
around 400 years ago, even less with 
more modern technologies. In the time 
scale of a star’s life cycle that’s a drop 
in the ocean, so to get a much clearer 
idea of what the Sun will be like 
billions of years from now, scientists 
search for yellow dwarf stars like our 
own - an extremely rare occurrence. 

“For decades, astronomers have 
been searching for solar twins in 
order to know our own life-giving 
Sun better,” said team leader, Jorge 
Melendez of the Universidade de 
Sao Paulo, Brazil, “but very few have 
been found since the first one was 
discovered in 1997" 

The scientists also discovered 
another solar twin, 18 Scorpii, which 
is around half the age of the Sun at 
about 2.9 billion years old. Using the 
data from both stars, astronomers 
will be able to get a better idea of our 
Sun's evolution. HIP 102152 also shows 
a similar chemical composition to 
the Sun and a lack of the elements 
that make meteorites, which strongly 
suggests it might also be host to rocky 
terrestrial planets. @ 


discovered a star that’s identical to our 
own Sun in almost every way but its 
age. Designated HIP 102152, it's found 


s\iQeoyanloy-valatemaatomeyela| 
with two similar stars,of 
different ages, the team 
hopes to discover if the 
Sun has a typical chemical 
composition or not 


© NASA; ESO; SNOLAB; Fermilab 
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Mission Complete Commemorative Medallion 







This official Mission Complete Medallion commemorates the ete 
historic completion of the Space Shuttle Program. As well as who played a re men ea Bee 
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Tharsis Montes boasts three of the _ 
ee eRe eS es biggest volcanoes in the Solar System” Ld @ 








10 wonders 


| Grand Canyon of Mars 


Welcome to Valles Marineris - the biggest canyon in the entire Solar System 


It's difficult to recount exactly the impact the Grand 
Canyon has on you on your first visit. It’s pretty 
overwhelming: at around 29 kilometres (18 miles) at 
its widest point and nearly two kilometres (1.2 miles) 
from the plateau to the Colorado River at its deepest, 
it’s probably the biggest thing anyone could hope to 
witness in their lives. Yet the entire Grand Canyon 
would be no more than a mere gully in the biggest 
ez Tahoe Piemeaemvle elm) cironee 

Valles Marineris is unbelievably enormous, 
spanning over 4,000 kilometres (2,500 miles) in 
length, with some parts of it 200 kilometres (125 
miles) wide and over ten kilometres (six miles) deep. 
It would stretch across the entire United States if 
it was on Earth and its size is only exaggerated by 
the fact that Mars is around half the size of Earth - 
around 20 per cent of Mars’s circumference is taken 
up by this massive gouge in its surface. 

The canyon is, naturally, host to a plethora of 
interesting geological features that offer scientists 
clues as to its turbulent past. Located just south of 
Mars’s equator, its western end begins with a series 
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of steep, maze-like valleys given the sinister Latin 
title Noctis Labyrinthus, or ‘the labyrinth of the 
night’. This region shows typical fault-line activity, 
with valley-forming depressions known as ‘grabens’. 
Moving eastwards, Valles Marineris starts to grow in 
breadth and depth, with twin canyons called the Ius 
and Tithonium chasmata running parallel to each 
other, divided by a central ridge. This gives way to 
three more chasmata and the deepest part of the 
canyon at 11 kilometres (6.8 miles) from the plains 
above. These eventually lead to the eastern end: 
Coprates Chasma, defined by its layered deposits 
that could originate from landslides or water erosion, 
Eos and the Ganges chasmata and, finally, where 
the canyon terminates in the Chryse region, a mere 
kilometre (0.62 miles) above Valles Marineris's 
deepest point. 

Although there's evidence of a number of processes 
at work here including water erosion, the scientific 
community generally agrees today that the volcanic 
region west of Valles Marineris played a major role in 
the formation of this huge rift, with water reshaping 


and deepening its course. It’s thought that as the 
Tharsis Montes was pushed up my molten rock to 
form gigantic volcanoes, the crust split to form fault 
lines around 3.5 billion years ago, which inevitably 
widened to form Valles Marineris. Though they share 
many similarities, this is unlike the Grand Canyon, 
which was gradually carved out of the surrounding 
rock millions of years ago by the meandering of the 
Colorado River and its tributaries. @ 








A topographical map, showing the depth of the canyon 
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1 Tharsis bulge 

Approximately 4 billion years ago, 
the Tharsis bulge begins to form as 
magma rises under what is today the 
Thaumasia Plateau region of Mars. 


How Valles Marineris formed 


It’s thought that Valles Marineris is an 
example of a giant rift valley, similar to 
Africa's rift valley system. Its formation is 
primarily tectonic and consists of three 
main stages that begins with the Tharsis 
bulge, a region where Valles Marineris 

is today that began to uplift as magma 
rose, as early as 4 billion years ago. The 
pressure and extra weight of magma led 


of -_*~ 


As the magma builds up, the 
pressure on the crust becomes 
too great and it begins to fracture 
and split to the east, giving birth 


to parts of the crust forming graben - 
valleys sunk along fault lines. The crust 
then began to float on the magma and, 
pushed to breaking point, splits along the 
length of Valles Marineris. Finally, tectonic 
activity, landslides, asteroid impacts and 
even meltwater could have widened and 
deepened the long chasm to form Valles 
Marineris as we see it today. 
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2 Crust failure { 


to a young Valles Marineris. 
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ith a violent past 


Meet Valles Marineris's little brother 


If it weren't for its bigger sibling several hundred 
kilometres to the south, Kasei Valles would have 
taken the gong for being the biggest canyon 
system on Mars, if not the Solar System. As it 
stands, its 3,000-kilometre (1,900-mile) expanse, 
three-kilometre (1.8-mile) depth is still more than 
prominent enough to stand out from the surface to 
any passing orbiter. It even tops Valles Marineris in 


places, reaching over 300 kilometres (185 miles) wide. 


Its size isn't what makes Kasei Valles a wonder of 
Mars alone though. All 1.5 million square kilometres 
(nearly 600,000 square miles) of the region were 
forged by some of the most violent events in Mars's 
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history. Today, the most potent force Kasei Valles 
faces is the occasional, turbulent dust storm that, 
given the thin Martian atmosphere, is hardly about 
to carve another record-breaking canyon into it any 
time soon. It was a different story over 3 billion 
years ago, though: the same raging tectonics that 
were busy creating Valles Marineris were ripping the 
landscape apart further north, bringing groundwater 
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10 wonders of Mars 


3 The chasm widens @ 
Millions of years of tectonic and 
volcanic activity in the area leads to 
further fracturing and widening of 
Valles Marineris to its current size today. 


The two huge Ma vaeva 
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to the surface which combined with ice melted by 
the volcanoes further west to create furious torrents 
of mud, forming and shaping the channels of Kasei 
Valles. The same violent floods failed to completely 
erode the outcrop of Sacra Mensa but further 
downstream, they made mincemeat of the southern 
rim of the 100-kilometre (62-mile) Sharonov crater, 
before emptying into the plain of Chryse Planitia. @ 


“The region was forged 7 some of the 


most violent events in 


ars's history” 
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At some point in the distant future, 
when commercial space flights have 
reached the border of the asteroid 

belt and we can freely explore other 
planets, Olympus Mons will likely 
become the number one tourist 
destination in the Solar System, 
outside of any wonder on Earth. It 
holds some impressive titles, including 
the tallest known peak in the Solar 
System at 22 kilometres (14 miles) from 
base to tip and a diameter of around 
624 kilometres (374 miles), nearly the 
same size as France and about the 
Same size as the US state of Arizona. 

It has a caldera to match its enormous 
expanse: at around 80 kilometres (50 
miles) in diameter, these six collapsed 
magma chambers form a single crater- 
like depression that’s easily large 
enough to comfortably hold one of the 
biggest cities in the world by area, New 
York, with plenty of room to spare. 
And the volume of Olympus Mons is 
equally huge at around 100 times that 
of the Hawaiian volcano Mauna Loa, 
which is enough to contain the entire 


Olympus Mons towers far above 
the biggest mountain on Earth 
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Hawaiian archipelago from Hawaii to 
Kauai, in fact. 

This is no mere mountain, however. 
Olympus Mons is a giant volcano, a 
shield volcano to be precise, the kind 
that spews lava slowly down its slopes 
rather than violently erupting magma, 
smoke and ash kilometres into the sky. 
As a shield volcano it has a low profile 
and its sides slope at an average incline 
of only five per cent. In fact, if you 
were standing at the top of Olympus 
Mons and didn't know it, you probably 
wouldn't be aware that you were at the 
summit of a very high mountain. If 
you walked to the far edge where the 
volcano begins to rise, you'd encounter 
an escarpment, or boundary cliff, an 
astonishing ten kilometres (six miles) 
high. That's higher than the largest 
volcano on Earth, Hawaii's own shield 
volcano Mauna Loa. 

Olympus Mons’ giant size is no 
fluke. Low Martian gravity has a part 
to play in the continuous build-up of 
cooling lava on its flanks. But tectonic 
activity on Mars is extremely limited 


The tallest peak on Mars 
and in the Solar System 


compared to Earth, too: unlike 

the Hawaiian islands, for example, 
which have produced several 

smaller volcanoes as a result of plate 
movement over millions of years, 
Olympus Mons has been sitting in the 
same spot for a long time, allowing 
the volcano to continuously erupt and 
grow to its current size. @ 





Olympus Mons’ 80km (5Omi) wide 
caldera is actually a combination 
of six magma chambers that 
collapsed over multiple eruptions 
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How Olympus Mons was created Lava 


: : Water 
The theories on how the biggest volcano in the Solar System formed . & = gracture 


Subaqua birth 
One theory is that lava flowed 
zs ) : underwater, piling up until it 
a * _ reached the surface and then 
spread out sideways after. 


Subaerial birth 

In the subaerial theory, the lava 
piled up and flowed in the air, 
with water rising later to change 
the dynamics of the lava flow. 


Landslides 

Regardless of whether Olympus 
Mons was partially underwater or 
not, instability resulted in multiple 
landslides, reducing its size. 


Water drains 
As the water drained from the 
northern lowlands, further 

- —__— » landslides shaped Olympus Mons, 
giving it its lopsided aureole. 


New lava 

When the water surrounding 
Olympus Mons disappeared, 
fresh lava flow smoothed its 
previously scarred surface. 
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Tharsis Montes is 

responsible for Mars's 

most famous features 

Mariner 9 was the first spacecraft to i f4 4 re 

orbit another planet when it arrived GeALD Q yey / tal ’ 
ae tant Ny Ap ne * 

at Mars in November 1971, with the “g Bicat y iy, pe gm ee 

, ee eae 

Red Planet engulfed by one of its a man ase 

characteristic dust storms at the (a Ye 

time. As the orbiter began to return 

unprecedented close-ups of the volcano and was subsequently is now a plateau to rise, forming the 

surface of Mars to Earth, NASA could renamed Olympus Mons. Tharsis bulge, a geological feature 

make out three faint but distinctive Tharsis Montes is the biggest the size of North America. This led to 

spots. This was the Tharsis Montes volcanic region on Mars: it's some the formation of Valles Marineris, the 

region of Mars and the spots were 4,000 kilometres (2,500 miles) wide Tharsis Montes volcanoes and Alba 

actually the peaks of three enormous and is home to 12 huge volcanoes Mons, a huge volcano with a diameter 

volcanoes, evenly spaced in a up to 100 times bigger than their of roughly 1,500 kilometres (930 miles) 

northeast-southwest orientation. To the equivalent on Earth. but with an extremely low relief that 

northwest, what had been known as The Tharsis Montes region is makes it unique on Mars. Olympus 

‘Nix Olympica’ since the 19th Century responsible for many of Mars's more Mons is often (understandably) 

and was suspected to be a mountain, interesting wonders. Around 4 billion attributed to the area, although it’s 

was discovered to be a massive years ago, rising magma caused what actually not part of the plateau. 
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Martian two-face 


The planet-shattering reason behind Mars's strange north-south divide 


Sometimes it’s hard to see the woods for all 

the trees, as is the case with the strange, near- 
hemispheric dichotomy of Mars’s southern 
highlands and northern lowlands. The difference 
between the two hemispheres has been observed for 
decades now, with investigation by orbiting probes 
in the late-Seventies highlighting the radical contrast 
between the topography of each region: the south 

is rugged, volcanic and pock-marked with craters 
and features the tallest peaks in the Solar System, 
while the north is a huge plain of unparalleled 
smoothness, with an altitude typically several 
kilometres below the lower regions of the south. 

Up until recently no one really knew why this was, 
although it was known that this feature was very 
ancient, almost as old as the planet itself. 


Mappin 
the surface 
of Mars 


The Mars Global Surveyor was sent to orbit 
Mars with the expressed goal of doing 

the job of a terrestrial surveyor, but on an 
enormous scale. Among its major missions 
(which included surveying the Martian 
atmosphere and interior), it was tasked 
with mapping the entire Martian surface 
and geology with the aim of providing the 
foundations of future NASA missions for 
years to come. 

Using the Mars Orbiter Laser Altimeter 
(MOLA) this mission was phenomenally 
successful, creating a flat, high-resolution 
map from over 640 million elevation 
measurements assembled into a global grid 
with an accuracy that ranged from 13 metres 
(42 feet) to within two metres (six feet). The 
map is so accurate and complete that it gives 
us a better knowledge of Martian topography 
than some continental areas of Earth. 

The findings of this survey include the 
discovery of Mars’s full topographic range, 
which is about one and a half times that of 
Earth and goes from the deepest trough in 
the Hellas Impact Crater to 30 kilometres (19 
miles) higher at the tallest point of Olympus 
Mons. The Mars Global Surveyor also gave 
us a much clearer idea of the dynamics of 
water on the surface of the Red Planet, with 
the huge difference in elevation between the 





northern and southern hemispheres meaning 
that the lowlands of the north would have 
drained around three-quarters of the surface 
of Mars, at an earlier period in Martian 
history when water could have flowed freely 
on the surface. 
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A few theories had been postulated as to why 
the two halves were so different: one was that 
convection in the mantle caused upwelling in 
the south and downwelling in the north. The 
other, originally proposed in 1984, was that the 
hemispheric dichotomy was the result of a single 
enormous impact. It was the simplest solution to the 
mystery that meant the entire northern region, an 
area 8,500 kilometres (5,300 miles) wide and 10,600 
kilometres (6,600 miles) long, was a colossal impact 
basin. That theory quickly got shot down because 
the borders of the northern hemisphere didn't fit the 
expected round shape of an impact crater. 

However, since the Eighties, several confirmed 
craters have been discovered with strangely elliptical 
borders, such as the Moon's South Pole-Aitken basin. 
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Tharsis Montes 
This large volcanic 
region is home to 
the three super- 
volcanoes, Pavonis 
Mons, Arsia Mons 
and Ascraeus Mons. 
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® Valles Marineris 
The biggest canyon 
in the Solar System 
stretches across 
Nea ARO Or] ans) me) i 
the Martian globe. 


The case for the massive impact theory wasn’t 
helped by the fact that the Tharsis bulge and its 
enormous volcanoes formed after this huge crater 
was created, obscuring the shape of the rim on one 
side. So it was only after two decades of surface and 
gravitational field observations by various spacecraft 
that the unambiguously elliptical impact basin of 
the northern hemisphere was revealed. 

Today, although the giant impact theory hasn't 
been proved beyond doubt, the evidence weighs 
heavily in its favour. The Borealis Basin, if it is 
the result of an ancient impact, will be the largest 
known crater in the Solar System: covering an 
area of around 90 million square kilometres (35 
million square miles) it's larger than the continents 
of Europe, Australia and Asia combined. That’s 
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Giant dust storms 


The enormous clouds of fine red dust that can sometimes grow to engulf the entire planet 


The surface of Mars is covered in dust far finer than 
the sands of any desert on Earth - indeed it's the iron 
oxide (rust) content of this dust and the underlying 
rock that gives the planet its distinctive ruddy colour. 
From month to month, the gentle Martian winds 
blow clouds of dust across the landscape, stripping 
the surface sands away to reveal underlying rock in 
some places, and accumulating in other places to form 
spectacular dunes. 

Normally, these billowing dust storms flare up and 
die away in a couple of days, but occasionally they can 
grow in size to the scale of entire continents before 
subsiding. And every couple of years, around the time 
of Mars’s closest approach to the Sun, they can run 
out of control to wrap the entire planet in an orange 
murk that persists for several months. 

These enormous storms are only possible because 
of the size of Martian sand - the Red Planet's thin 
atmosphere (exerting just one per cent of the Earth's 
atmospheric pressure) means that even the strongest 
winds of around 120 kilometres per hour or 75 miles 
per hour (equivalent to hurricane force on Earth), 
would barely be able to shift Earth-sized sand grains. 
But atmospheric dust grains on Mars, worn down by 
billions of years of steady erosion, are comparable in 
size to the particles in cigarette smoke, so that even 


the gentle winds of the planet's thin atmosphere can 
lift them from the ground. Wind speeds in a typical 
storm are around 100 kilometres per hour (62 miles 
per hour), but an astronaut on the surface would 
barely feel that as a light breeze. 

Once lofted into the air, dust particles may linger 
for months. The reasons for this persistence are still 
uncertain, but it’s possible that weak electromagnetic 
fields help to repel them from each other and prevent 
them settling back on the ground. This means that 
once the dust particles are stirred up, they can move 
at speeds many times faster than those in dust storms 
on Earth, and travel much further. As they absorb 
sunlight and prevent it from reaching the surface, 
atmospheric temperatures may rise by up to 30 
degrees Celsius (86 degrees Fahrenheit). 

Awesome though they may appear, the main threat 
from storms to either current Mars rovers and landers, 
or future astronauts, comes from the dust they carry 
within them. As it settles back out of the atmosphere 
it may coat equipment and solar panels with particles 
that get into delicate mechanisms and cut down the 
efficiency of solar panels. Fortunately, NASA engineers 
have discovered that encounters with the occasional 
‘dust devils’ that spiral across the Martian surface can 
also help remove dust and restore power. |) 


“Dust storms can wrap the entire planet 
in an orange murk for several months" 
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The air isso thin.on Mars, an astronaut would 
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In June 2001, the Hubble Space Telescope captured 
this crystal-clear image of Mars, highlighting 
clouds around its north and south poles 


Three months later, as Mars approached perihelion, 
a planet-wide dust storm blocked Hubble's view of 
everything but the bright polar caps 


Storm cycles 


Major dust storms are typically most common 
around Martian perihelion (the planet's closest 
approach to the Sun). Because the orbit of 
Mars, unlike that of the Earth, is distinctly 
elliptical, it receives up to 40 per cent more 
sunlight around this time, which helps to 
create strong temperature differences across 
the planet that in turn generate high winds. 
Unfortunately for earthbound astronomers, 
perihelion is also the best time to view Mars, 
so the Red Planet is frequently engulfed in 
clouds around the time when it is at its largest 
and brightest in Earth's skies. Even space 
probes are not immune to the problem - in 
fact Mariner 9, the first space mission to enter 
orbit around Mars, arrived during a major dust 
storm in November 1971 and had to wait for 
about a month until the atmosphere cleared 
and it was able to send back the first detailed 
photographs of the Martian surface. 








Subterran = 
lava tubes 


A hidden world of 
G=\ccmieelmeeelCRsliisaue 
Martian microbes a 


Rising to about 12 kilometres (7.5 miles) above — 
the surrounding dusty plains, Pavonis Mons te al 
roughly three kilometres (1.9 miles) higher than : 

; - 
Everest. However, it has another feature that 
qualifies as a Martian wonder in its own right. 

Running down the volcano’s southwest flank 
are a number of parallel, tadpole-shaped features 
that look at first like empty riverbeds. Tens 
of kilometres long, their heads point roughly 
towards the volcano’s summit, while their tails 
peter out or merge to form broader depressions. 

But these valleys are not the work of water 
erosion. Known as ‘lava tubes’, they form when 
the surface of a lava flow starts to cool and 
solidify, but molten rock continues to run below 
the surface. When the eruption finally comes to 
an end, the underground river of lava may drain 
away completely, leaving behind a cavernous 
subterranean passage. 

Normally, lava tubes are all but invisible from 
the surface, but over time, the weight of overlying 
rock may cause their ceilings to cave in, creating 
steep-sided valleys like the ones seen on Pavonis 
Mons. In other places, the surface may just 
subside to form a string of circular depressions 
known as a pit chain. When the middle of the 
depression then collapses inward, the result is a 
‘skylight’ opening into the lava tube. 

When the first astronauts reach Mars, they may 
head straight for these curious portals. Lava tubes 
offer natural protection from the harsh surface 
environment, and are an obvious place to set up 
a long-term base. And for the same reasons, they 
are also one of the most promising places to look 
for simple Martian life. @ 


A skylight - or entrance - to alava 
tube on Pavonis Mons 
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is perspective view of Pavonis Mons 
om ESA‘s Mars Express Orbiter reveals 
ircular pits dotted among the longer, fully 
collapsed lava tubes 
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Frozen carbon 


dioxide poles 


Mars has two permanent ice caps, but they're not like Earth's poles... 


The temperature at the Martian equator is 
probably not as bitter as you might think, pushing 
the mercury as high as 20 degrees Celsius (68 
degrees Fahrenheit) during the summer, with a 
soil temperature that has been recorded close to a 
positively beachy 30 degrees Celsius (86 degrees 
Fahrenheit). It’s a different story at the poles, 
however: with a desperately thin atmospheric 
pressure of just 600 pascals to insulate them - a 
fraction of Earth’s 101,000 pascals - little heat is 
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retained at either end of the Red Planet. Here, 
temperatures have been known to drop to as low as 
-153 degrees Celsius (-243 degrees Fahrenheit) in the 
complete darkness of a Martian polar winter. 

The Martian caps are pretty puny compared to 
those on Earth. The biggest of the two, the northern 
ice cap, has an estimated volume of 1.6 million cubic 
metres (56 million cubic feet), while the Antarctic 
ice sheet, the biggest on Earth, has a volume of 
26.5 million cubic metres (935 million cubic feet). 
However, the extreme cold at the Martian poles 





results in over a quarter of Mars's atmosphere 





freezing into enormous slabs - and because over 
95 per cent of Martian air is carbon dioxide, winter 
brings a deposition of up to two metres (6.5 feet) 
of dry ice. When summer comes around, rising 
temperatures cause the frozen carbon dioxide to 
sublimate (turn immediately from solid to gas) 
and return to the atmosphere. The changes in the 
amount of carbon dioxide in the atmosphere, along 
with the increasing and receding poles during 
summer and winter, is so great that the gravitational 
field of Mars changes with the seasons as a result. 
Mars also experiences ice ages across a time 
scale of hundreds of thousands of years, caused 
by marginal changes in its orbit and axial tilt. Like 
Earth it’s currently in an interglacial period, but 
from around 2.1 million to 400,000 years ago, a 
time when sabre-toothed cats, woolly mammoths 
and other Pleistocene megafauna roamed Earth, 
Mars was plunged into an ice age of its own. 
The increased tilt on its axis heated the poles, 
evaporating ice into the atmosphere only for it to 
settle and spread from the 60 degree latitude mark 
to around 30 degrees north of the Martian equator 
nemeledemeonceoccm | 





The Martian north pole (right-hand image) can get 
even colder than the south (left) in a Martian winter, 
and reaches temperatures as low as -153°C (-243°F) 
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_ Mars during its ice age over 400,000 years ago. 
he ice caps reached the equivalent latitudes of 
Mexico in the north and. Australia in the south 
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The Martian polar caps are shown in this Hubble image of 
the Red Planet taken in 2001. A huge dust storm can also 
be seen at the northern cap 
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Martian ‘canals’ 


The features that went on to inspire a century of science fiction 


as well as dust streaks leading across mountains and 
dust storms - can be considered the remains of what 
were once the great Martian canal system. 


In 1877, astronomer Giovanni Schiaparelli observed 
numerous gullies criss-crossing the surface of Mars, 
which he described in his native Italian tongue as 
‘canali’. For better or for worse, the literal translation of 
‘canals’ was made into English and from there, early 
20th Century academics (including a certain Percival 
Lowell), flushed with the prominence of a new 
scientific age, promptly assumed that evidence of an 
intelligent civilisation was inferred. 

Fortunately, others were more scientific in 
their observations, pointing out that the ‘canals’ 
were caused by an optical illusion in poor-quality 
telescopes that joined visible features by lines. 
Spectroscopic analysis showed that atmospheric 
pressure on Mars was indeed too low for liquid water 
and that the Red Planet was considerably colder than 
originally anticipated. Finally, powerful telescopes of 
the day showed no such lines on Mars, which led to 
this rather tenuous theory quickly being debunked, 
although the notion of a Martian civilisation lived on 
in science fiction for decades. ‘ So Ag, 

Today, albedo features - the craters and basins like yan oe 
Hellas Planitia that contrast the russet background, 
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Deep 
impact 


The huge Martian crater 
that's visible from Earth 


Hellas Planitia is a huge crater that was 
formed in the early days of the Solar 
System, an era of heavy meteorite 
bombardment around 4 billion years ago 
when enormous objects flew around and 
collided with others on a regular basis. With 
its bright, reflective floor it’s a spectacular 
site, even when viewed from Earth. 

It has a diameter of 2,250 kilometres 
(1,400 miles) and over nine kilometres (5.6 
miles) separate the rim of the crater from 
its floor. The rims are nearly two kilometres 


— (1.2 miles) high, which puts the floor of 


- the basin seven kilometres (4.3 miles) 
below what on Mars would correspond 
_ with sea-level on Earth. At this depth, the 
. atmospheric pressure at the bottom is 
nearly double that at the top. Under certain 
conditions, that’s enough for liquid water to 
‘form. There’s evidence to suggest that the 
gullies around the basin rim were formed 
by glacial movement as well as explosive 
boiling of the water into steam. 

Hellas Planitia would be the biggest crater 
on Mars, if it wasn't for the suspected (but 
still unconfirmed) Borealis Basin in Mars’s 
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Are we 
Martians? 


The theory of panspermia, that an asteroid 
bearing the ‘seeds’ of life impacted the Earth 
aeons ago, isn't a new one. But following a major 
scientific conference in Italy recently, the idea 
that life on Earth may have originated from 
Mars, is picking up some serious traction. We 
don't know exactly how the building blocks of 
life came about, the RNA, DNA and amino acids 
that were brought together to form the prebiotic 
‘soup’, but we're pretty sure that RNA was there 
first. On Earth, the minerals necessary for creating 
the RNA template would likely have dissolved 

in the oceans, but that wouldn't have been the 
case in the relatively arid environment of ancient 
Mars. The theory, outlined by Professor Steven 
Benner of the Westheimer Institute for Science 
and Technology, is that these minerals oxidised 
on Mars, eventually forming RNA. This was then 
transported to Earth and deposited via one or 
possibly many meteorites (Martian meteorite 
strikes are still very common today), conceiving 
the first life on Earth. 
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: ~ Formally known as NGC 
Ses _ ° 281, the Pacman Nebula 
a ces cee O]U (si dinelcm ain one) i 
i oe stellar formation 


D The Pacman Nebula, 9,200 light years from Earth, 
, is found in the Cassiopeia constellation, part of 
. the Perseus Spiral Arm of our Milky Way. It was 
discovered in August 1883 by EE Barnard and, since 
o a then, it has been imaged in a variety of new and 
wonderful ways as NASA has endeavoured to find 
. : ; out more about this stellar nursery. 
. °, NGC 281 is actually a cluster of stars found about 
2 . 1,000 light years above the plane of the Milky 
. . Way. Thanks to its positioning it is not obscured by 
5 5 much dust or gas in X-ray and infrared images, so 
. it gives astronomers an almost unhindered view of 
é; the star formation within. In visible light a portion 
< ‘ = of the nebula is hidden by dust and gas, forming a 
' o  « gap like a mouth. This led NASA to dub NGC 281 
. . n , the ‘Pacman Nebula’, due to its resemblance to the 
“ ~ famous videogame character. 
S The nebula plays host to a variety of high-mass 
- ° stars, those that contain more than eight times 
: | . a the mass of the Sun, which are important in the 
. universe as they pump out a lot of energy. Inside the 
o . Pacman Nebula there are a large number of these 
' stars and, thanks to the unobscured view, it is a 
. eee mG MORO SOA cMUNI | 














' Seen in X-ray and infrared light the nebula 
. loses its Pacman appearance 
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FutureTech Euclid telescope 


Euclid: 
Mapping the 
GP TA@UIRNAY( shoe 


There's a mysterious force that is binding the 
universe together as scientists struggle to figure 
out the nature of dark matter and dark energy 








What scientists know for sure is 
that the universe's expansion is 
accelerating and calculations show 
that something invisible to our 
telescopes is responsible. Scientists 
hope that the forthcoming Euclid 
telescope could shed some light 
on what is happening. Due to 

be launched in 2020, Euclid is a 
collaboration between the European 
Space Agency (ESA) and NASA. 

Using a 1.2-metre mirror and 
two science instruments, Euclid’s 
scientists aim to chart the 
distribution of galaxies in three- 
dimensional space and also look at 
their historical positions. Euclid will 
sit at the L2 Lagrange point, a steady 
point of gravity that is ‘behind’ the 
Earth as viewed from the Sun. 

From there, it will look at the 
redshifts or speeds of galaxies and 
galaxy clusters to a distance of some 
10 billion years. (The universe is 
about 13.8 billion years old, so this 
would put us quite a bit closer to the 
start of everything.) 

Its largest goal, according to ESA, is 
to map these clusters in about half of 
the Earth's sky, in regions that are not 
governed by the Milky Way. 


Euclid can look into the sky in 
two different ways. One of those is 
weak gravitational lensing, which 


examines how the light from galaxies 


is distorted by large centres of mass 
between those galaxies and Earth. 
Also, reconstructing the universe 
in different spans of time will allow 
researchers to see how dark energy 
influenced the universe's evolution. 

Another method is baryonic 
acoustic oscillations, or ‘wiggle 
Or aca en wba m sey meet b.elase-ba 
clustered. ESA says these are like a 
‘standard ruler’ to help astronomers 
understand how the universe is 
expanding, and the role of dark 
ala ecavane Le 

These capabilities should allow the 
telescope to meet the four scientific 
goals of its mission, which are to 
learn more about the nature of dark 
energy, to test Albert Einstein's 
theory of general relativity, to map 
out dark matter in three dimensions, 
and to understand better what 
conditions were in place when the 
universe was young. 

So what exactly is this dark 
matter and dark energy of which we 
speak? Together these mysterious 









forces are believed to 
make up an astonishing 96 
per cent of the universe. 

Within our current 
understanding of 
physics, we know that hot 
GR TA@ unica K eens Tomne 
particles that have no mass 
or an infinitesimal amount of 
mass, could be made up by exotic 
particles such as axions or very 
light supersymmetric particles, the 
European Space Agency stated. 

As for cold dark matter, which 
represents more massive particles, 
it is thought that very massive 
neutrinos (neutral particles) could 
eee ui n Lm CO maa rim 

Nobody knows for sure, though. 
The other catch is we might need to 
revise our basic rules of science to 
make sense of it all, things like how 
gravity works and more broadly, the 
mechanics of Einstein's theory of 
general relativity. 

Now we just have to wait for 
the launch: Thales Alenia Space, 
the prime contractor, recently 
began construction on Euclid, with 
its launch into space currently 
scheduled to take place in 2020. @ 


“Euclid’s scientists aim to chart the 
distribution of galaxies in three- 
dimensional space” 





OM [=\(-e0)e-N anne) 
A 1.2-metre telescope mirror 
will collect information about 
the bending of light around 
large fields of gravity, as well 
as galactic structures. The aim 
is to learn more about dark 
matter and dark energy. 


> Reflective material 
Much of the telescope will be 
covered in material to reflect 
the heat of the Sun and keep 
the electronics and other 
components inside cool. This 
is important to ensure nothing 
is overheated. 
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x et Euclid telescope 





Euclid is expected to launch in 
2020. The 1.2-metre telescope is a 
collaboration between NASA and 
the European Space Agency 


RST caele(> 
Vital electronics will 
be protected by a 
sunshade mounted 
on one side of the 
telescope. Because 
this side is perpetually 
facing the Sun, solar 
panels will be mounted 
to provide energy for 
the telescope. 

















© Scienc@instrument 
Euclid will have two principal science 
instruments: an optical camera that 
does photometry (measuring light) 
and a camera that will peer into 
the near-infrared part of the light 
spectrum, performing photometry 
as well as spectrometry (measuring 
how light is distributed). 


> Astable spot 
Euclid will be in a Lagrange 
point, which is a stable point 
of gravity 1.5 million km 
(930,000 miles) from Earth.. 
It will stay close to the L2 
point, remaining relatively 
stationary except for 
occasional adjustments. 
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Massive super-Earths 











SUPER-EARTH: 


Discovering planets outside of our Solar System is one thing, but discoveries of 
exoplanets that might be occupied by alien life are happening all the time 
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Massive super-Earths 


The reports first started appearing 

in the media in the early Nineties, 
and have been seen more and more 
regularly ever since - the discovery of 
a special type of planet outside of our 
Solar System, or exoplanet, known as 
a ‘super-Earth’. 

The first super-Earths ever 
discovered also hold the distinction 
of being the first exoplanets and the 
first planets to be found orbiting a 
pulsar. These planets were discovered 
by astronomers Aleksander Wolszczan 
and Dale Frail, orbiting the pulsar PSR 
B1257+12 in the Virgo constellation (a 
third planet was found later). 

Considering that four of the planets 
in our own Solar System are larger 
than Earth, and the fact that we've 
been discovering extrasolar planets 
for a while now, initially it may not 
really seem like big news. But super- 
Earths are special. Exactly why they're 
SO special might depend on who 
you speak to. According to Dr Mikko 
Tuomi, researcher at the Centre for 


Astrophysics Research, Science and 
Technology Research Institute at the 
University of Hertfordshire, “a super- 
Earth is a planet with a mass in excess 
of that of the Earth, that yet has a solid 
surface.” So while our gas giants are 
larger in size than the Earth, they're 
just that - gas. Some researchers have 
set the cut-off at ten Earth masses; 
larger than that, and they're simply 
giant planets. 

What else sets Earth apart from 
every other known planet? The ability 
to support life. A report about the 
discovery of super-Earths may lead 
you to jump to the conclusion that 
such planets are Earth-like in other 
ways, too, with a nitrogen-based 
atmosphere, temperate climate, water 
and sunlight. But there's no evidence 
that any super-Earths found so far 
are that close to being like our Earth. 
Some super-Earths are located in 
habitable zones - areas around stars 
that aren't considered too cold or too 
hot to allow for life on the planet - 


“Some super-Earths a | 
have rocky interiors or liquid 
water like Earth’ 


Formation of a super-Earth 


1 Our Solar System 

Our model of planet formation is based 
on the core accretion theory. Dust 
swirls around a Star in a protoplanetary 
disc, forming tiny planets called 
planetesimals. These collide and join 
together to create planets. The inner 
parts create smaller, terrestrial planets, 
but further out they attract gases and 


become gas giants. 





2 Hot Jupiter theory 

The discovery of exoplanets the size of 
gas giants like Jupiter and Saturn, but 
with very short orbits around their star, 
contradicted our current understanding 
of planetary formation. So researchers 
theorised that perhaps these types 

of giant planets had formed further 

out from their parent star and moved 
closer over time. 
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and some may have rocky interiors 
or liquid water like Earth. But we just 
don't know much about them yet. So 
currently, the definition of a super- 
Earth is focused solely on its mass. 
After the initial discovery in 1992, 
super-Earths have been found in 
increasing frequency. One reason 
is that there appear to be so many 


of them - there could be billions of 
super-Earths. In 2011, the Kepler space 
observatory mission team released a 
list that included 680 possible super- 
Earths, with 48 planetary candidates 
in the habitable zone, but that list will 
continue to change and grow. The 
increasing precision of the instruments 
used to detect exoplanets over the past 


This is pulsar PSR B1257+12, the star at the heart 
of a system containing the first extrasolar planets 
discovered, including two Super-Earths 





3 Kepler theory 

The Kepler spacecraft's discoveries 
weakened the ‘hot Jupiter’ theory, which 
posited that large super-Earths would be 
either gas giants or swallowed by their 
Star as they moved inward. So Kepler 
astronomer Jack Lissauer theorised that 
low-density super-Earths formed first 

as cores, gathering gas as they moved 
inward without becoming gas giants. 
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However, Lissauer's theory doesn't 
explain how smaller and denser super- 
Earths form. Several such planets have 
already been found, and Kepler is 

le] adam KOM esr (eg MUN=RNS NEN IA Kale [Kore 
to spot them. This theory also fails 

to explain how there can be systems 
packed full of potential super-Earths so 
close to their stars. 
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Massive super-Earths 
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4 Some are covered 
in lava 


The recently discovered super-Earth Kepler-78b has the 
shortest known orbital period, taking just 8.5 hours to 
es orbit its star. But it’s so close to its star that the planet is 


| = likely covered in lava, so habitability is completely out 
C4 pet! may VII of the question. 
. @ @ 

be inhabitable 


~ For all our speculation about the potential 
a habitability of these super-Earths, we may 
- not have the technology to determine 

whether they are actually habitable for 
another 10 to 20 years. 
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» Scientists estimate that there are 
tens of billions of Super-Earths in 
the Milky Way galaxy alone, and 


that they're very common in the: 
habitable zone around red stars. 


The Solar System is 
devoid of Super- 
Earths, the likely 
reason for that 

is because 

Jupiter, Uranus 

and Neptune 
prevented them _ 
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Massive super-Earths 


five years is simply making it easier 

to find super-Earths. According to Dr 
Tuomi, another reason for the increase 
is that confirming the presence of a 
super-Earth requires lots of data, and 
“observational baselines that have also 
recently reached sufficient numbers 
and lengths.” In other words, we've 
been gathering proof of their existence 
for a long time. Currently researchers 
use a scale called the Earth Similarity 
Index (ESI) to help assess how 
Earth-like the super-Earth really is. It 
operates on a scale of zero to one, with 
one being Earth. However, a high ESI 
doesn't necessarily mean that a super- 
Earth is habitable, because we simply 
don't have enough information yet to 
make that assessment. 

Super-Earths located in habitable 
zones have proven to be controversial, 
starting with the ones that may be in 
orbit around Gliese 581, a red dwarf 
star located about 20 light years away 
from Earth in the Libra constellation. 
The first super-Earth found in a 
habitable zone was discovered there 
in 2007. A team of astronomers in 
Switzerland, led by Stéphane Udry, 
made the discovery, and initially the 
planet Gliese 581 c was considered 
the most habitable super-Earth, with 
a mass of about five to ten times that 
of the Earth's mass. However, later it 


was found that Gliese 581 c is probably 
too hot to be a habitable planet. The 
team also discovered the exoplanet 
Gliese 581 d, which they ultimately 
concluded is located on the edge of 
the habitable zone and may have 
liquid water on its surface. According 
to Dr Udry's team, it is probably 


“Kepler-62e currently has 


nn hi 


hest ESI of the top 


habitable super-Earth planet 
candidates, at 0.83" 


The Transiting Exoplanet Survey Satellite (TESS) 
is scheduled to launch in 2017 and will survey the 


| sky while seeking out exoplanets 


Types of super-Earth 


Rocky 


Habitable 


Super-Earths that orbit very closely to their 

stars - on the inner edge of their habitable zones 
- are especially mysterious to researchers, as 
they do not know how planets of this size can 
form and not be gas giants or be pulled into and 
consumed by the star. Because of their proximity 
to their sun, these planets are likely to be too hot 
to support any type of life, or even have lava-like 
surfaces. If they are tidally locked to their star, a 
rocky planet may have a blazingly hot side and a 
freezing side. 


If located near the middle of the habitable zone, 
conditions are more favourable for a super-Earth 
to support life. This means that they receive 
enough heat and sunlight to maintain some 
liquid water. A habitable super-Earth would also 
need an atmosphere capable of trapping the 
types of gases necessary to sustain life forms as 
well as keeping temperatures within a moderate 
range. Even if tidally locked, the atmosphere 
could prevent the planet having extremely hot 
and cold sides. 


Water world 

One likely candidate for an ocean planet, GJ 
1214 b, may be as much as 75 per cent water 
surrounding a rocky core, with a thick layer of 
gases such as helium and hydrogen. Another 
possibility is that the planet is a mini-Neptune of 
sorts, a small, yet very dense planet comprising 
water, hydrogen and methane along with its 
main components of hydrogen and helium. 

It's found around 40 light years away from the 
Solar System, is large enough to be considered a 
super-Earth, but has fairly low density. 
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temperature. Evaporating water vapour 
- may contribute to astrong greenhouse 
» effect in the atmosphere. The ocean 
may have a two layered mantle - an 
inner rocky mantle covered with 
_ an outer mantle of ice. This 
ice would not necessarily 

be as cold as ice on 
Earth. Oceanic super- 

Earths would still 
ly be composed 
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outer core of iron, nickel and traces of other elements. 


Gy boy Te 


Cd q 


Massive super-Earths 





Rocky 


Even if the rocky super-Earth is much like Earth 
in its inner composition, its rocky surface may be 
devoid of other features - without liquid water 
or life - depending on the temperature and 
other factors. The mantle would also 

be silicate rock, but probably much 

* thicker due to the increased size of 

the planet. Whether it also has 
plate tectonics like the Earth 
depends on the gravitational 
interaction with its star 
EM (=)1 rem da l=m el=lareWV(elely 
of the core. The core 

of a large rocky 
super-Earth would 
likely be similar to 
Tadeo sia NY 
comprising iron. 
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The habitable super-Earth’s crust is thinner under the oceans and thicker under . 
land masses. Oceanic crust is composed of denser rock material such as basalt, 
while continental crust is felsic rock, such as quartz. The mantle is thgthickest eyes 
and.comprises silicate rocks, rich in magnesium and iron. Like the Earth, it has a 
‘nucleus, or core, of two layers: a solid inner core of iron and nickel, and a liquid 
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Because Gliese 667 Cc orbits a star that is part 


of a triple star system, it would receive light 
from all three suns: Gliese 667 A, B and C, with 


most of its light coming from the latter. 








mits 
surface 


a 8 Atmosphere . 
of Gliese Gliese 667 Cis a red dwarf star, sot . aa a 
cast a reddish glow on the planet mate in 
addition, the atmosphere Is belie 
667 7 more dense than the Earth's 
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Radiation on the planet is likely to be se 
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Massive super-Earths 


too large to be rocky and is a good 
candidate to be the first ocean planet. 
But in order to have liquid water at 
all, the atmosphere must have a very 
large greenhouse effect to have a high 
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If temperature and atmospheric conditions 
favour the development of complex life such enough surface So ee 

PLM =sX-1 rH OPAL eel (MICA OY-RY CIRCE IE @elE Then in 2010, the discovery of 
even black in order to absorb as much of the Gliese 581 g by the Lick-Carnegie 
reddish sunlight as possible. Exoplanet Survey at the WM Keck 


Observatory in Hawaii generated 
renewed excitement. The problem 

is that its existence has yet to be 
confirmed, and some astronomers 
disagree with the Lick-Carnegie team’s 
calculations and conclusions. In fact, 
some don't believe that it exists at 

all. Astronomer Dr Steven Vogt of the 
University of California, leader of the 
team, expressed a lot of optimism 
about the possibility of life on Gliese 
581 g, but the truth is that if we can't 
even confirm a super-Earth’s existence 
yet, our technology just isn't advanced 
enough to draw other conclusions 
about it either. 

Another candidate for a habitable 
Super-Earth was also discovered by 
Dr Udry’'s team, this time orbiting an 
orange dwarf star called Gliese 370, 
about 36 light years away in the Vela 
constellation. Named HD 85512 b, 
this planet is considered one of the 
smallest exoplanets on the edge of a 
habitable zone. It is estimated to have 
a mass 3.6 times that of Earth’s mass. 
A study released by the team in 2011 
drew some significant conclusions 
about the properties of HD 85512 b, 
based on several assumptions: that 
it is not tidally locked, that it has a 
minimum surface gravity of 14 g, and 
that it has an Earth-like atmosphere. 
The planet could have an atmospheric 
temperature of about 25 degrees 
Celsius (77 degrees Fahrenheit), and 
with sufficient cloud cover, liquid 
Water may exist on its surface. Other 
potential habitable super-Earths 
include Kepler-22b, orbiting the G-type 
star Kepler-22 and also discovered in 
2011. It may be an ocean-like or water- 
rich planet, but we only have a rough 
estimate of its radius (2.4 times that of 
Earth's) and no information about its 
mass or other features. 

Kepler-62e, discovered by the Kepler 
spacecraft, currently has the highest 
ESI of the top habitable super-Earth 
planet candidates, at 0.83. It orbits the 
star Kepler-62 in the Lyra constellation 
about 1,200 light years away, and 
has a radius of about 1.6 times that 
of Earth's. It is likely to be a rocky 
planet with a substantial amount of 
water, one study in the Astrophysical 
Journal suggests that most planets of 
its size are ocean planets. Kepler-62e is 
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The smallest super-Earth, 
Ca ovAme Cee Oberle 
than the Earth, and is likely 
arocky planet on the outer 
edge of the habitable zone 


“Super-Earths are so common 
that their number might 


exceed the number of stars in 


the Galaxy” 


just one of three potentially habitable 
super-Earths recently discovered by 
Kepler, all of which are some of the 
smallest habitable zone planets to date. 
The others are Kepler-62f and Kepler- 
69c, all discovered in 2013. 

The most recent discovery 
generating excitement centres on 


Seven amazing super-Earths 
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Gliese 581d 
Sa 


WORLD TYPE: ROCKY 

At 20 light years away, Gliese 581 d is 
one of the closest potentially habitable 
super-Earths to us and may be a rocky 
planet with a dense atmosphere warm 
enough to support a water cycle. 
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planets orbiting Gliese 667 C, a red 
dwarf 22 light years away that's part 
of a triple star system. In June 2013, 
an international team announced 
that there are three super-Earths 
(designated c, e and f) in what may 
be a seven-planet system. This is the 
first time that there have been three 


HD 85512 b 

WORLD TYPE: ROCKY 

One of the smallest potential super- 
Earths to be found on the edge of 

a habitable zone, HD 85512 b may 


receive almost as much light from its 
FerAl OEM cela netomeye) ap 


low-mass (less than two times the 
mass of Earth) planets found in a star's 
habitable zone. These super-Earths 
were also significant because they led 
researchers to believe that other low- 
mass stars will likely have more than 
one of them. 

Although new potential super- 
Earths are discovered all of the time, 
their status can change as we acquire 
and analyse more data. For example, 
in early 2013, the Kepler spacecraft 
discovered Kepler-69c, orbiting the 
G-type star Kepler-69. It’s likely a 
terrestrial planet, and was thought 
to be in the habitable zone. But later 


Kepler-62e 

WORLD TYPE: OCEAN 

This potential super-Earth may be an 
ocean planet, although it is believed to 
have a rocky composition. It also has a 


very high similarity to Earth according 
to the Earth Similarity Index, at 0.83. 


analysis revealed that Kepler-69c is 
probably much too close to the star to 
be habitable, and more inhospitable - 
like Venus. We'll keep finding them, 
but we just need to study them 

more closely to make some clear 
determinations about their habitability. 

Super-Earths are discovered via 
many observations through both 
ground and space-based telescopes. 
There are two main techniques that 
researchers use to spot them: transit 
telemetry and Doppler spectroscopy. 
When it comes to finding super-Earths, 
Dr Tuomi states that transit telemetry 
is the more successful method of the 
two. Doppler spectroscopy is also 
known as the radial-velocity method, 
and involves measuring the velocity of 
the star in the direction of the line of 
sight by observing Doppler shifts 
in its spectrum. According to Dr 
Tuomi, this allows researchers to 
determine the planetary mass, which 
allows one to estimate “whether 
the planet is massive enough to be 
classified as a gaseous planet or one 
with a solid surface.” 

Transit telemetry means closely 
observing a star to watch for decreases 
in its stellar brightness, which indicates 
that there's a planet passing in front of 
the star. It allows researchers to find 
the ratio between the star's radius 
and the planet's radius, which helps 
determine the planet's size. HARPS 
(High Accuracy Radial velocity Planet 
Searcher), a spectrograph installed on 
the European Southern Observatory’s 
3.6-metre telescope in 2003, uses this 


Tau Ceti e 

OG) GG 6 

WORLD TYPE: HOT 

This unconfirmed super-Earth may be 
terrestrial, with a dense atmosphere 
and a temperature of about 70°C 


(158°F) because of its orbit on the edge 
of the star Tau Ceti’s habitable zone. 
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method to discover numerous super- 
Earths and has recently been used to 
specifically locate habitable ones. The 
Kepler space observatory, launched by 
NASA in 2009 to search for Earth-like 
planets, also used this technique (as 
of August 2013, Kepler is broken and 
NASA has decided to retire it). NASA's 
Spitzer Space Telescope, launched 
in 2003, detected light from its first 
super-Earth, 55 Cancri e, in 2012. 
NASA‘s TESS (Transiting Exoplanet 
Survey Satellite) is the future of 
super-Earth discovery in space, 
with a planned launch in 2017. This 
observatory will spend two years 
surveying the entire sky to look for 
nearby transiting exoplanets, and it’s 
predicted it will discover as many 
as 1000 of them that are the size of 
Earth or bigger. Another future tool 
is the James Webb Space Telescope 
(JWST), to be launched in 2018. 
This international collaboration is 
considered a successor to both the 
Hubble and Spitzer space telescopes, 
and will be able to spot older stars 
and galaxies. There are also land- 
based telescopes planned for future 
installation. The Automated Planet 
Finder Telescope (APF) is supposed 
to be fully operational by the end of 
2013, while the European Southern 
Observatory’s ESPRESSO (Echelle 
SPectrograph for Rocky Exoplanet and 
Stable Spectroscopic Observations), 
to be installed on its VLT (Very Large 
Telescope), should be ready for use 
in 2016. It's specifically designed 
to search for rocky super-Earths in 


Gliese 163 c : 
PAOAAMAES 
WORLD TYPE: HOT 

Gliese 163 c is approximately two Earth 


habitable zones, using spectroscopy 
and the radial-velocity method. 

Aside from the fact that the 
possibility of life on other planets 
is fascinating - even something 
akin to mould on Earth would be 
groundbreaking - finding super-Earths 
also teaches us more about how 
planetary systems form in general. 
We're learning that our Solar System 
is probably kind of unusual, in the 
grand scheme of things. According to 
Dr Tuomi, “Super-Earths are the norm, 
planetary systems such as the Solar 
System the exception. Furthermore, 
super-Earths are so common that their 
number might exceed the number of 
Stars in the Galaxy. It appears to be 
a rare coincidence that there are no 
such planets in the Solar System, quite 
likely due to the formation of gaseous 
giants such as Jupiter and Saturn that 
prevented their formation.” 

So far the systems with super- 
Earths tend to have several planets 
that orbit comparatively close to 
the star. But how did they form? Dr 
Tuomi states, “there could not be 
enough matter in the disc from which 
planets formed around their stars. 
This leaves two options: whether the 
planets migrated to their observed 
positions, or matter in terms of 
dust and gas migrated inwards in 
the protoplanetary disc before the 
formation of the planetary embryos 
and protoplanets.” Right now, we don't 
know which is more likely. As with the 
discovery and status of super-Earths, 
it's a constantly changing field. @ 


Kepler-22b 
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WORLD TYPE: OCEAN 


Although confirmed as a planet, we don't 





Massive super-Earths 


The super-Earth GJ 1214b is illustrated with 
hypothetical moons here, but its existence has 
been confirmed. It has an estimated mass 6.5 
times that of the Earth's and an estimated radius ° 
of about 2.7 Earth radii 


Gliese 667 Cf 
UNKNOWN MASS 
WORLD TYPE: HOT 












radii in size and it may have a surface 
temperature of 60°C (140°F). This is still 
capable of supporting microbial life, if not 
complex life. 


yet know whether it has an eccentric or a 
circular orbit. This is significant, because 

if Kepler-22b has a highly eccentric orbit it 
may move in and out of the habitable zone. 


This is one of three potential super-Earths orbiting the star Gliese 667 
C and considered the most habitable. It is thought to have a thicker 
atmosphere than the Earth's, and is probably tidally locked to its star. 
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least one super-Earth in our 


= galaxy, let alone the rest of 


the universe, is habitable 


i 


a 


. «a always a possibility” 


We spoke to Professor Abel Méndez, associate professor 
of physics and astrobiology at the Planetary Habitability 
Laboratory, University of Puerto Rico at Arecibo, to learn 
more about the potential for life on super-Earths 


There are different definitions of 
what makes an exoplanet a ‘super- 
Earth’. With all of the media focus 
on their habitability, should the 
definition be about more than its 
size in relation to the Earth's? 
Super-Earths are just planets larger 
than Earth but smaller than Neptune. 
Examples of objects this size are 

not available in our Solar System. 

We expect that many could be 
composed of a combination of rock 
and water, and therefore suitable 

for life if they orbit in the habitable 
zone of the star. We don't know if 
super-Earths could be more or less 
habitable than a planet of Earth-size. 
We can't measure yet most of the 
characteristics of exoplanets needed 
for a good habitability assessment, 
such as surface temperature and 
atmospheric composition. Therefore, 
our super-Earth definition is solely 
based on things we can measure now, 
which unfortunately does not tell [us] 
anything about habitability. 
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Could life really exist on these 
planets? How likely is it? 

It is a big jump from identifying a 
potentially habitable world to telling 
if the world is inhabited, even by 
microbial life. We are focusing now 
on measuring the potential for life on 
these planets for life as we know it, 
as if we're going to go there. If Earth- 
like life is common in the universe, 
then these worlds also have a good 
chance of being populated, but this is 
an unsolved problem in astrobiology. 
Eventually, we will have the capability 
to detect biologically relevant gases 

- like oxygen and methane - in the 
atmosphere of these worlds and be 
able to tell which ones are even likely 
to be inhabited. 


What might life on super-Earths 
look like? 

If life is common in the universe, then 
it will probably be microbial rather 
than complex life. Surface complex 
life, like animals and plants, have 
more hard requirements such as the 
presence of oxygen, not too much 
carbon dioxide, and temperatures 
between zero to 50 degrees Celsius 
(32 to 122 degrees Fahrenheit). Earth 
has only had these conditions for less 
than a quarter of its history, which 

led to the development of complex 
life. Our planet has been populated by 
microbial life for most of its history. 


Is it even possible that any of 
these planets could potentially be 


“The suitability for human 
life on any of these planets is 


habitable by humans? 

The suitability for human life on 

any of these planets is always a 
possibility. Even finding a planet with 
a tolerable atmospheric pressure and 
temperature - but not necessarily 
oxygen, will allow walking on its 
surface without a spacesuit - just 
with oxygen. 


Melee vem deem el q mics owe 
determining whether life exists on 
these super-Earths? 

The next step on assessing the 
potential for life on exoplanets is the 
determination of their atmospheric 
composition. The NASA Transiting 
Exoplanet Survey Satellite (TESS) 
space telescope will start searching 
in 2017 for suitable candidates for 
observation and the James Webb 
Space Telescope (JWST) in 2018. JWST 
should have the capability to analyse 
the atmosphere of many super-Earths 
in search for the requirements of life 
like water and oxygen. 


“Many could be composed of a combination of 


rock and water, and therefore suitable for life if 
they orbit in the habitable zone of the star” 
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h Education 
One of the UK’s most popular 


and longest standing providers 

of astronomy distance learning 
courses. Choose from five 
separate astronomy courses, 
suitable for complete beginner 
right through to first-year 

a) §6university standard, including 
GCSE Astronomy. A certificate is 
issued for each completed course. 
You will find a complete syllabus 
for each of the courses available, 
along with other details about 
each course, and the necessary 
enrolment information on our 
website. There is a “Student 
Feedback’ link where you can 
view some of the unsolicited 
comments we have received from 
past students. We pride ourselves on being accessible and flexible and 
offer very attractively priced services, of the highest standards, and we 
work hard to provide you with what you want. Of paramount importance 
to us is the one-to-one contact students have with their tutor, who is easily 
accessible even outside of office hours. Planet Earth Education’s popularity 
has been growing over many years with various home educators who have 
used our courses in the education of their own children, many obtaining 
the GCSE Astronomy qualification, a recognised science qualification. 
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Interview Kevin Grazier 


Gravity: science - 
benind the movie 


Science advisor Kevin Grazier talks about the concepts 
behind the new sci-fi thriller Gravity, and explains why 
they're not that far removed from real life 


Interviewed by Jonathan O'Callaghan 





Kevin Grazier 

Kevin Grazier is a planetary 
scientist who has worked 
as aresearch scientist 

and science planning 
engineer for 15 years at 
NASA\‘s Jet Propulsion 
Laboratory, on the 
Cassini-Huygens mission 
currently exploring Saturn 
and its moons. He's been 
the science advisor for 

a number of TV shows 
and movies including 
Battlestar Galactica 

and the upcoming film 
Gravity, and he is currently 
writing a book called 
Hollyweird Science. 


ABOUT THEFILM 


Gravity 

Directed by Alfonso 
Cuaron (Harry Potter And 
The Prisoner Of Azkaban), 
Gravitystars Sandra 
Bullock as engineer Dr 
Ryan Stone and George 
Clooney as astronaut 
Matt Kowalsky. During a 
spacewalk, debris from 

a Satellite leaves the two 
Stranded in space, and 
they must fight to survive. 
The film will be released 
at cinemas in the US on 4 
October 2013 and in the 
UK the following week. 
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What is your background in space? 

I've got six degrees all in the physical sciences, 

and a PhD from UCLA [University of California, 

Los Angeles] in planetary sciences with planetary 
dynamics. At JPL and NASA I spent 15 years on 
the Cassini spacecraft, and I was the investigation 
scientist for the ISS [Imaging Science Subsystem] 
instrument. I was also what's called a science 
planning engineer for the Cassini spacecraft, which 
meant that I wrote and ran software that helped 
the different instruments determine when they 
can make various observations. Ironically, relative 
to Gravity, I was also on NASA’s Constellation 
programme for a short time before the programme 
got cancelled [in 2010]. Very few JPL employees work 
in the human spaceflight programme, and I was 
actually working on Constellation when [production 
on] Gravity started. I was contacted by director 
Alfonso Cuaron about Gravity, and I had actually 
been doing some spaceflight stuff at the time so it 
was really highly coincidental. 


Had you done something like this before? 

I've done science and entertainment exchange 
through JPL before, so Cuar6n was looking for 

an advisor on the movie and asked if I would be 
interested, and I said "of course". I'd seen [Cuaron’s] 
Harry Potter And The Prisoner Of Azkaban [laughs]. 


What's Gravity about? 

It takes place in some respects in the not-too-distant 
past. It’s about the last Hubble servicing mission, and 
while the astronauts are servicing Hubble we have a 
catastrophe that leaves them floating in space. 


What were some of the challenges of being the 
science advisor for the movie? 
One of the big challenges for me was that Alfonso 


Cuaron and his son Jonas Cuarén [who both wrote the 
movie] were really, really keen on getting the accuracy 
nailed, down to which direction switches flip on the 
Soyuz module, which direction hatches open on the 
ISS, and for me there were a lot of things I just didn't 
know. But coincidentally I'd just started working on 
Constellation, and only a few weeks prior I had met 
Andy Thomas who is an astronaut and head of [NASA‘s] 
astronaut office. I was able to forward them to Andy 

to ask some of the more detailed questions. And there 
were some things he didn't know, for example things 
on the Soyuz module, but coincidentally again his wife 
[Shannon Walker] is also an astronaut and she was 
going up in like, a week, on Soyuz. So everything about 
which direction things moved or where things are 
placed, she knew. So between the three of us we were 
able to tag team it. 


So in the film there's an explosion caused by debris 
that maroons the two astronauts? 

There's a shower of debris, yes. A ring of debris. This 
relates to the Kessler syndrome [see boxout on|page 


7], which is the notion that a rain of debris caused 


by a satellite being disintegrated or exploded can then 
impact other satellites in low Earth orbit, creating more 
and more debris that just leads to a cascade of parts and 
bits moving at a very high speed. 


Is this a real threat? 

The Kessler syndrome is the foundation on which the 
movie was based. It’s based on real science, we had a 
really factual point to base our movie on. I mean, the 
US space command monitors space junk down to a 
pretty small size and they have had incidents when 
they would deflect the orbit of the International Space 
Station or the Space Shuttle a small amount because 
they know they're going to pass too close to debris for 
comfort. So clearly if you generate a lot of debris, and 


"It's a low-probability event but when 
youre up there long enough, low- 
probability events happen” 
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Here's an actual image of Space 
Shuttle Endeavour docked with 
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with space being increasingly crowded, there's a low 
probability [of a collision] but certainly it’s something 
we need to consider, and certainly for the level of 
believability for a movie I think it’s good enough. 


Have there been moments where such an event 
almost occurred? 

I know they have deflected both the Space Shuttle 
and the International Space Station when there's 
been a potential collision, and I also know that in the 
second Hubble servicing mission they found a hole in 
Hubble the size of a quarter that was either caused by 
space debris or a micrometeoroid strike. These things 
get hit after being in space for a long time, so there 
are impacts. I mean, it's a low-probability event but 
when you've up there long enough, low-probability 
events happen. 


How do you work out what would happen if an 
impact like this occurred? 

You need to know the math of the impactor, its 
velocity, the relative velocity of the impactor to the 
target and the composition of the target. That’s where 
you'd start. But for the level of the movie they just 
wanted what looks really cool. 


What do you think of what you've seen of the 
movie so far? 
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The two astronauts 
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after space junk 
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mission into chaos 
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Grazier ensured the scientific accuracy of the 
film by providing details on things like the 
Soyuz spacecraft and ISS (pictured) 
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Kevin Grazier 
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“There were a couple of scenes they 
showed in this trailer at Comic-Con that 
are literally just adrenaline inducing. 
I've never seen anything like it” 


It looks spectacular. I saw a clip at San Diego Comic- 
Con and it’s terrifying. I knew what was going to 
happen, but it’s so impressive in 3D and I had such a 
rush that I was shaking for about half an hour. It was 
incredible. I don't know the level of modelling that 
went into the impacts, and to be honest it looks so 
cool I don't care. As an audience member, when I go 
into a movie I try to put my science advisor hat off to 
the side and just go along for the ride that the writer 
intended. And in this case it’s pretty easy to do. There 
were a couple of scenes they showed in this trailer at 
Comic-Con that are literally just adrenaline inducing. 
I've never seen anything like it. This movie gives the 
sense that you are there. A lot of people think they 
want to go into space, but they don't realise how 
unforgiving that environment can be. 


Is it possible to prepare for an event like this 
actually happening? 

Considering what happened to the Shuttle I don't 
really think there’s anything you can't prepare for. 
I have no doubt [NASA] has procedures, there have 
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been procedures for small strikes, but when you get 
something that puts the Shuttle in a spin like that 
there's really nothing you can do to stop it. I mean 
even the RCS [Reaction Control System] thrusters 
would run empty your fuel tanks before you could 
control that spin that the impact causes the Shuttle to 
go into in Gravity. 


Do you prefer movies like this to be based more 
on fact or fiction? 

I think both have their places. At the risk of 
sounding wishy-washy I love the Star Wars movies, 
but I don't consider them science fiction, they're more 
fantasy. But I enjoy them, so there's a place for that. 
There's a place for [films like Gravity] too where you 
feel like you are there, it’s just a matter of different 
stories that you want to tell. So I think there's room 
for a variety of stories and I certainly think this is 
going to be a very popular movie because of the 
sensation that you are there on the mission with 
Kowalsky [played by George Clooney] and Dr Stone 
[played by Sandra Bullock]. 





In real life 

Hubble was 
safely serviced |* 
TAR ub oce 
including this 
mission in 


December 1993 
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Do you think this film will help educate people 
about the ISS and space? 

Yeah, I do. There is a lot of physics involved in some 
of the things you see on screen and I think people 
are going to get a really good sensation of what it's 
like to be [in space] and to work in space. 


What are you working on next? 

I'm currently working on the TV shows Falling 
Skies and Defiance and also I just did work on a 
Roland Emmerich-like disaster movie. I've also got 
an hour-long drama pilot in the works and a half- 
hour sitcom. Yes, the nerdy science guy actually 
wrote a sitcom [laughs]. I'm also working on a book 
called Hollyweird Science that talks about science in 
cinema, and that's due out next June. @ 
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Debris 

There are thousands of pieces of debris larger 
than 5cm (2in) currently orbiting the Earth that 
pose a threat to satellites and spacecraft. 


www.spaceanswers.com 


Wt naps Sa aTe 
SANUS Se eae 





Danger 
As the amount of space junk grows, 
it may become necessary to find a 
way to de-orbit debris to prevent 
impacts in low Earth orbit occurring. 


a 


In the movie Gravity, a Space Shuttle is hit by a 
piece of space debris while on a servicing mission 
at the Hubble Space Telescope. The premise might 
seem far-fetched, but it’s actually based on a well- 
known scenario that has caused much discussion in 
recent years. 

Proposed by NASA scientist Donald Kessler in 
1978, the Kessler syndrome is a scenario in which 
colliding space debris in low Earth orbit creates a 
runaway effect, with further collisions creating more 
and more debris to the point that it becomes almost 
impossible for a spacecraft or satellite to orbit Earth 
without being damaged or destroyed by debris. 

Although regarded as a worst-case scenario, the 
threat of space junk is a very real one. Orbiting the 
Earth now are millions of pieces of debris ranging 
in size from flecks of paint to large defunct satellites 
like ESA’s Envisat. Even tiny space debris can cause 
considerable damage, as it is orbiting the earth at 
about 28,000 kilometres per hour (17,500 miles per 
hour). On rare occasions, astronauts on the ISS must 
take shelter in preparation for evacuation when a 
piece of tracked debris is thought to pose a threat to 
the space station. 

Various accidents have already drastically 
increased the amount of debris in Earth orbit, such 
as a collision between an American and Russian 
satellite in 2009. Several proposals have been 
drawn up to deal with the growing space junk 
problem, including de-orbiting debris with ground- 
based lasers, but as of yet no clear solution has 
been found. As the situation worsens in future, 
however, it may become imperative that space junk 
is removed from orbit to prevent a situation like that 
in Gravity occurring. 
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| Weighs detemcr Tene) 
as an SUV , 


The ESA's massive Gaia space observatory weighs 
2,030 kilograms (4,475 pounds), roughly equivalent 
to the average weight of an SUV. 


It will observe 
1% of stars in the 
Milky Way 


Gaia will be able to accurately measure the position 
of 1 billion stars in the Milky Way and also in the 
Local Group of galaxies, making it the largest stellar 
survey of its kind. 


40 million 
“ana will 


erformed daily 


¥ e ook at each of its 1 billion targets 70 
times over.a period of five years, enabling it to 
accurately chart the position, movement and 
brightness of each one. 


A giant shield 
will power Gaia 


Once in space Gaia will unfold its shield, ten metres 
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(33 aa TemeleVntatre which not only’shades the 
telescopes but also generates electricity via SorH 5 
panels on its underside. 


It will calculate 
aie laascm ice 
never before 


The distances of stars relatively close to Earth 

will be measured to an incredible accuracy of 
0.001 per cent by Gaia, while those stars found 
towards the galactic centre will be known to a 20 | 
oye lme-(eelbne-LeAA 


It spins slowly to 
track stars 


_ Gaia will use two optical telescopes and three 


science instruments - Astrometric instrument 
(ASTRO), Radial velocity spectrometer (RVS) and 
Photometric instrument (BP/RP) - to determine the 
location of stars by spinning slowly and sweeping 
across the entire celestial sphere. 


It'll find things that 


have never been 
seen before 


Hundreds of thousands of new celestial objects are 
expected to be discovered during Gaia's mission. 


10 amazing facts 


The Gaia flight model is seen here 
during testing at Intespace in 
Toulouse, France on 13 March 2013 


» 
3% 


™ 


These objects include exoplanets, brown dwarf stars, 
supernovas and asteroids. 


It could view a 
hair in Milan 
from London 


The Gaia observatory will be able to measure 
some stars’ ‘positions to an accuracy of 24 
microarcseconds. This is equivalent to measuring 
the width of a human hair from PYcoere rem ROl0l0 
aHoimalaies (620 miles)’ ME 


SE Tio 
pixel camera 


Gaia's digital camera, which will be used to record 
the location and movement of celestial objects and 
create a 3D map of our Peeves has a. resolution of a 
whopping 1 rat ntorel wees 


It will be ae o 
times further than 
the Moon 


Gaia will be mevecte at the L2 Lagrangian point, 


a position of gravitational stability that is 
approximately 1.5 million kilometres (930,000 
miles) from Earth, where it will be able to perform 
its observations. @ 
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All About Ganymede 


All About... 
Y VIEEDE- 


The natural satellite that's unique among 
moons - it's the largest, it’s the most planet-like 
and it may even have a subsurface ocean 
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Since Jupiter is the largest planet 

in our Solar System, it’s only fitting 
that the largest satellite in the Solar 
System - by both mass and diameter 

- orbits the ringed gas giant. With a 
diameter of 5,268 kilometres (3,273 
miles), the moon Ganymede is about 
eight per cent larger than the planet 
Mercury and over twice the size of the 
dwarf planet Pluto. It's also about 75 
per cent the size of Mars. Ganymede 
has twice the mass of our Moon, 
however, it only has 45 per cent the 
mass of Mercury. Although it's large, 
Ganymede has a relatively low density 
at 1.9 grams per cubic centimetre (1.1 


ounces per cubic inch). By comparison, 


our Moon has a density of 3.3 grams 
per cubic centimetre (1.9 ounces per 


Moons of 
the Solar 
EC 


am (e) 
_ Its mean radius of 1,822km 
(1,132 miles) isn't the most 
interesting part about lo 
- it's the more than 400 
active volcanoes. 


~ The Moon 
Our Moon has a mean 
radius of 1,737km (1,080 
miles) and holds the 
distinction of being the 
est moon relative to 
Docu 


All About Ganymede 


cubic inch). 

Ganymede shares some other 
features with planets. It’s the only 
known moon in the Solar System to 
have a magnetosphere - or internally 
generated magnetic field - the result 
of its differentiated interior. It's also 
believed to have a long and complex 
geologic history. If Ganymede orbited 
the Sun instead of Jupiter, it might 


have been a planet instead of a moon. 


The moon orbits at a distance of 
1,070,400 kilometres (665,116 miles) 
from Jupiter - the third Galilean 
moon and the seventh satellite away. 
It has an eccentric orbit of 0.0013, 
and is inclined to the equator of the 
planet by 0.2 degrees. However, both 
the eccentricity and inclination vary 


~ Callisto 


Callisto stands out for its 
heavily cratered and ancient 
surface, with a mean radius of 
2,410km (1,498 miles). 


Europa 


Ranking next-to-last 


in the list with a mean 
radius of 1,561km (970 
miles), Europa also has 
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la incredibly smooth, 


Striated surface. 


of Jupiter, it m 


a planet instea 


slightly thanks to the influences 
of Jupiter and the Sun. Ganymede 
completes one rotation around Jupiter 
every seven days, three hours and 43 
minutes. It is tidally locked, meaning 
that the same side faces Jupiter and it 
completes one rotation for every orbit 
around the planet. 

Ganymede is in a complex orbital 
resonance with Jupiter's other 
moons Europa and Io, called the 
Laplace resonance. For every orbit of 
Ganymede, Europa orbits twice and 


"If it orbited the Sun instead 
ent have been 


of a moon” 


Io orbits four times. This resonance 
may have existed since the moons 
formed not long after Jupiter - about 
4.5 billion years ago - or at some point 
afterwards. Along with the planet’s 
other regular satellites, Ganymede 
probably formed from a ring of debris 
and gas called a circumplanetary disc. 
It likely took around 10,000 years to 
form, which is relatively fast (Callisto, 
on the other hand, is estimated to 
have taken 100,000 years). This 
formation timeline potentially 


Sporting a mean radius of 
2,575km (1,600 miles), Titan 
is the only known moon to 
have a dense atmosphere. 


™ Ganymede 
The largest with 
a mean radius of 
2,634km (1,636 
miles), Ganymede 
is also notable for 
its geologically 
complex surface and 
differentiated interior. 


| Triton 
a iieoan 

geologically active 
and is the only 
large moon with a 
retrograde orbit - 
going opposite to 
its planet's rotation. | 
TES need : 
radius of 1,353km 
(840 miles). 
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The Earth isn’t the only planet that 
has auroras. These natural displays of 
light around the planetary poles occur 
when the magnetic field interacts 
with the highly charged energetic 
particles. But the auroras on Jupiter 
aren't caused by solar wind; they're 
caused by the planet's magnetic 
properties interacting with its upper 
atmosphere. They also look different 
to those on Earth - they're filled with 
dots and streaks. 

This image of the auroras on Jupiter 
was taken via the Hubble Space 
Telescope in the ultraviolet region of 
the electromagnetic spectrum on 26 
November 1998. It shows not only 
the amazing display of energy, but its 
unique interaction with lo, Ganymede 
and Europa. Ganymede is the bright 
dot below the centre (Europa is to its 
right, and Io is the streak on the left). 
The moons are connected to Jupiter 
by magnetic flux tubes - a cylindrical 


tube of magnetic energy. 


contributed to the differentiation, as 
ice melted and separated into the 
mantle and rock settled into the core. 
The decay of radioactive elements 
in the rock caused the interior of the 
moon to further differentiate into its 
current interior. 

Ganymede was first observed 
by Galileo Galilei on 7 January 1610 
along with Callisto, lo and Europa. 
This marked the first time a moon 
was observed orbiting another planet. 
Galileo called the four the Medicean 
Stars. German astronomer Simon 
Marius claimed to have discovered 
the moons before Galileo, but he 
didn't publish his observations. 
To complicate matters, Chinese 
astronomer Gan De may have 
discovered Ganymede circa 365 
BC. Although Galileo got the credit, 
Marius's choice of names ultimately 
won the day in the mid-1800Os. He 
chose to name Ganymede after the 
cupbearer of the Greek gods. 

The moon's size means that it 
can be observed from Earth using 
binoculars or a small telescope, 
although it’s not very bright 
- Ganymede has an apparent 
magnitude, or brightness when viewed 
from Earth, of 4.61 (by comparison, the 
faintest stars still visible are around a 
6). Telling it apart from stars, or from 
the other three largest Jovian moons 
for that matter, can also be a challenge 
if you don't know where to look. @ 
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Jupiter has auroras 
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mass 

The Earth is 
around 40 
times more 
massive than 
Ganymede 
and over twice 
the size of the 
Solar System's 
largest moon. 










Ganymede is larger 
than the Solar System's 
smallest planet, Mercury 
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Ganymede: 


inside and out 


Its unique inner composition makes this natural 
Satellite one of the most planet-like of moons 


Observations and measurements taken by the Galileo 
flybys indicate that Ganymede is differentiated into 
three different layers. There's a liquid core comprising 
iron sulphide and iron, a silicate inner mantle, an 
outer mantle of warm ice and a rigid, icy crust that 
may also have some embedded rock. 

Some scientists believe that Ganymede may 
actually have an inner, solid core of pure iron 
inside a liquid outer core. Ganymede’s liquid core 
is likely heated by a combination of tidal flexing 
and radioactive decay, generating a magnetic field 
through convection. This magnetic field means 


Magnetic 
eC Fe 

The Galileo probe discovered 
that Ganymede has a 
permanent magnetic moment, 
its own magnetic force 
independent of Jupiter. This 
creates a dipole magnetic 
field around the moon that 
is actually located inside 
Jupiter's magnetic field. 

The magnetosphere is 
directed against Jupiter's 
own magnetic moment, 
tilted at 176° with respect to 
Ganymede’s axis. It interacts 
with plasma from Jupiter in 
much the same way that the 
Earth’s atmosphere interacts 
with solar wind. Although 
there are numerous theories 
as to why Ganymede has a 
magnetosphere while similar 
moons do not, the true reason 
remains a bit of a mystery. 


that the moon may also have a layer of liquid water 
sandwiched between two sheets of ice in its mantle. 
The discovery of irregular masses in the icy mantle 
may be rocky masses, either close to the surface 
where it’s coldest, or resting at the bottom of the 
mantle near the core. They could be related to the 
possible subsurface ocean. 

Ganymede’s low density indicates that the moon 
is about equal parts ice and rock. Its core may be 
anywhere from 700 to 900 kilometres (435 to 559 
miles) thick and the outer ice mantle somewhere 
between 800 and 1,000 kilometres (497 to 621 miles) 


Plasma flow 
Earth's magnetosphere 
contains a bow shock where 
it collides with the solar 
wind, but Ganymede does 
not experience this because 
the plasma flow is subsonic 
- slower than the speed of 
sound, instead of supersonic. 
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thick. The silicate mantle would make up the rest of 
the moon's thickness. Ganymede’s terrain includes 
numerous grooves and ridges, but we're unsure as to 
the exact mechanism that created them. 
Currently scientists believe that these features 
are due to tectonic activity below the surface. 
Past tidal heating may have caused melting 
and flexing to create some of the faults and 
cracks. There could have also been some 
cryovolcanic activity early in the moon's 
history, in which plumes of icy water 
heated by the formation of the core 
pushed through the layers and cracked 
the surface. 
It's puzzling that Ganymede has this 
complex geological history, while Callisto, 
which is close to Ganymede in density 
and size, does not. One theory is that in 
its ancient past, Ganymede had a much 
more eccentric orbit than it does today, 
possibly passing through other orbital 
resonances. This may have caused one 
or more episodes of tidal heating, which 
in turn led to the tectonic activity and 
resulting features. Because the moon is small 
compared to a planet, the core should have 
cooled too much to allow a magnetic field. This 
may also be the result of its orbital past. @ 








) Radiation belt 
Charged particles trapped 
below about 30° latitude 
create closed magnetic 
lines, forming a sort of 
radiation belt around 
Ganymede similar to the 
radiation belt on Earth. 


0 ae) ime) hes 3(0)8 
Magnetic field lines above 
30° latitude - located at 

~ each polar region - are 
open. They connect the 
moon with the upper 
regions of Jupiter's 

atmosphere; creating 
regions are highly charged 
particles that may be 
responsible for the auroras 
on the moon. 
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Inner mantle 
The moon's thick 
inner mantle is 
composed of 
silicate rock. 


Outer mantle 
A saltwater ocean 
could be concealed in 
Ganymede's outer mantle 
of warm, soft ice, around 
200 kilometres (124 miles) 
below the surface. 


Core 

The metallic core may be Crust 

further divided into an Ganymede's hard, icy crust 
outer liquid and a solid reveals the moon's heavy 
inner core. geologic activity, and may 


also contain a high quantity 
of silicate rock. 


Ganymede orbits 

at a distance of 
1,070,400km (665,116 
miles) from Jupiter 
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Ganymede 
by riumbers 


The approximate 
number of 
craters covering 
the surface of 
the moon 


The speed at which Ganymede 
travels on its orbit around Jupiter 


O.OO!3 


Its orbital eccentricity, which changes 
by a range of 0.0009 to 0.0022 due to 
perturbations caused by Jupiter and the Sun 





The average temperature range (minimum to 
maximum) on the surface of Ganymede 


O.O025 


EARTHS 


Ganymede ts around 40 
times less massive than 


billion “~” 
years 


The approximate 

age of Galileo Regio, 

one of the largest The density of Ganymede, compared 
surface features to the density of the smaller planet, 
on Ganymede Mercury, at 5.43g/cm? 





Surface gravity 
on Ganymede, 
compared to 
9.8m/s2 on 
Earth 
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On the surface 


It looks like a dirty ball of ice next to Jupiter, but in reality the 


Jovian satellite has two very distinct types of terrain 


Ganymede is one of just a few moons that have 
had their surfaces completely mapped, thanks 
to a mixture of images from both the Voyager 
and Galileo missions. Overall the surface has an 
albedo, or reflectivity, of about 40 per cent. Its grey 
colour is a mixture of ice and rock, which includes 
carbon dioxide, sulphur dioxide and salts such 
aS Magnesium sulphate (possibly from the ocean 
beneath the surface). The side of the moon that 
faces Jupiter is lighter than the trailing hemisphere, 
giving it an asymmetric appearance. There is also 
a very thin oxygen atmosphere, probably produced 
when radiation splits the water ice molecules on the 
surface. As hydrogen has a lower mass than oxygen, 
it leaves the surface more rapidly. 

Ganymede has an interesting mix of surface 
features. The two basic types of terrain include 
the grooves and ridges covering the lighter areas 
of the moon, which are younger than the darker, 
cratered areas. The lighter areas comprise about 
two-thirds of the surface. They are likely the result 
of tectonic activity due to tidal heating, as well as 
expansion during the formation of the moon's core. 
The grooves are often referred to as sulcus (Latin 
for groove or furrow), and specifically formed due 
to water melting beneath the surface and flexing 
of the ice. These sulci can run on for thousands of 
kilometres and be as high as 700 metres (2,000 


feet). The longest named sulcus on Ganymede 

is Mysia Sulci at 5,066 kilometres (3,148 miles). 
Although there are craters in the lighter regions - 
some of which are on top of the sulci, while others 
are cross-crossed by them - they are relatively few 
in comparison to the dark terrain. Scientists believe 
that they have overtaken as much as 70 per cent of 
the darker regions, which was the moon's original 
surface terrain. 

The rough, dark terrain is thought to have been 
through a period of heavy impact cratering, possibly 
between 3.5 and 4 billion years ago. Some of the 
younger craters have ejecta fields - areas where 
the crater disturbed the surface and spread debris 
around at the site of the impact. Unlike impact 
craters on our Moon, the craters on Ganymede 
are rather flat and do not have depressions at 
their centres. This is likely due to shifting of its 
icy surface. In some cases the relief of the craters 
has disappeared completely, resulting in slight 
depressions called palimpsests (or ghost craters). 
They range from 50 to 400 kilometres (31 to 249 
miles) in diameter. The largest named crater chain 
on Ganymede is the Terah Catena, with a diameter 
of 283 kilometres (176 miles). Other surface features 
on the moon include regiones, or large dark regions; 
faculae, or bright spots and regions; and fossae, long, 
narrow trenches, likely caused by faulting. @ 











“The rough, dark 
Coeelepeeceeae 
through a period 
of heavy impact 
@ eit ehalom 





A false-colour image of Jupiter and its Galilean 
moons. Ganymede is the blue sphere, top right. 











per Coe C4 (0) 

Galileo Regio, a dark region with a diameter of 
around 3,200 kilometres (2,000 miles), is one of the 
largest features on the surface of the moon. 


yma Catia) 

| This crater is in transition between being a crater 

/ and being a palimpsest, with a dome in the centre 
at about 45 kilometres (28 miles) in diameter, 
surrounded by a wreath of rugged terrain. 
cee dCi yt 

} The crater Khensu is about 13 kilometres (8 miles) in 
diameter, and has a bright ejecta field around a dark 
centre. The crater is located in a light region called 
Uruk Sulcus. 
Sata Cy 
This image shows older, faulted terrain on 
Ganymede, adjacent to lower-lying, smoother 
terrains in a sulcus over 1,500 kilometres (932 miles) 
OMeNe lea acoM 
we eR er Cie 
This catena, or chain of 13 craters, probably formed 
when a comet passed too close to Jupiter and 
fragmented. The fragments crashed into Ganymede 
in a row. 
6. Nicholson Regio/Harpagia Sulcus 
The left side of this image depicts the dark, ancient, 
cratered terrain in a regio, parallel to the lighter, 
younger, grooved terrain in the sulcus. 
7. Nergal Crater 
Nergal, the large crater in this image, is about eight 
kilometres (five miles) in diameter. The ejecta 
blanket is dark around the craters and lighter further |, 
away. There is also a flow-like pattern indicating that +) 
the impact may have melted some ice. a 
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Explorin 


anymede 


This moon has typically been a 
probe's brief stop on its way elsewhere 
- but many spacecraft have provided 
important data in recent decades 


Ganymede has been the subject 

of numerous flybys and passes 

during the course of NASA's space 
programme. The first probes to check 
out the moon were Pioneer 10 and 
Pioneer 11] in 1973 and 1974, the former 
passing within 446,250 kilometres 
(277,287 miles) of the moon. They 
returned images showing brighter 
areas around its north pole and 

low albedo areas around its centre 

and south pole. Details up to 400 
kilometres (250 miles) were resolved 
on its surface. These were the first-ever 
close-up images of both Jupiter and its 
Galilean moons. Then in 1979, Voyager 
1 and 2 revealed that Ganymede was 
larger than Saturn's satellite Titan and 
that it had grooves on its surface. 

The closest any probe has come to 
the moon is about 260 kilometres (162 
miles), when the Galileo spacecraft 
completed one of four flybys between 
1996 and 1998. Data from Galileo 
also revealed the presence of the 





magnetosphere, the thin oxygen 
atmosphere and the potential 
subsurface salt ocean. In 2007, the 
probe New Horizons passed by 
Ganymede on its way to Pluto, while 
obtaining a gravity assist from Jupiter. 
This spacecraft gathered information 
to create detailed topographic maps of 
the moon. 

In addition to the probes, the 
Hubble Space Telescope has also 
helped us gain a better understanding 
of Ganymede. It provides images so 
Sharp and clear that we are able to 
see individual features on the moon's 
surface, such as the crater Tros, which 
has long white rays extending from 
its centre. This crater is about 94 
kilometres (58 miles) in diameter. 
Hubble has also found evidence of 
ozone being produced on Ganymede, 
as Well as capturing images of 
the moon dwarfed by Jupiter as it 
disappears behind the far side of the 
planet during its orbital period. @ 


JUICE’s challenges’ 


The Jupiter Icy Moons Explorer (JUICE) faces challenges 
when it travels to the Jovian system in 2022. The 
distance from the Sun means it will require large solar 
artays in order to receive adequate rays for power. The 
distance from Earth means that it will take around a 
two-hour round trip for signal relay. Jupiter also emits 
a lot of radiation, requiring shielding for the delicate 
instruments on board. The planned orbital insertions 
around both Jupiter and Ganymede and the flybys will 
require more than 25 gravity assists, so the spacecraft 
will need to carry 3,000 kilograms (6,600 pounds) of 


chemical propellant. 


In February 2013, the ESA announced the 11 
instruments and experiments on board JUICE. These 
will be developed by teams across Europe, as well as 
the United States. JUICE's mission marks the first time 
Ganymede will be explored in depth in its own right. 
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® MAGJIS (Moons and 
Jupiter Imaging 






' | Spectrometer) 
JANUS (camera & This spectrometer, developed 
system) | in France, will observe ices 
An ltalianteam | and minerals on the moons 
designed this camera to as well as clouds and other 
map Jovian clouds, and features on Jupiter. 
to study formations | ; 
and processes onthe © a Lilie 
RICO CMCN alesse RUS ares | 


| | feel are)y 

| Spectrograph) ey) 

| j , Developed in 

| This American-built | , 

| Pe one Sweden, this 

| no et. . im package is based on 

| a aie experiments designed 

| ane be mae to characterise 

| aed dear | plasma and radio 
exospheres and the 


ae ie ge ieee emissions of Jupiter 
i | and the moons. 
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® PEP (Particle Environment Package) 
- A Swedish team is working to develop 
_ this package that will explore the plasma 
environment in. the system. 
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© 3GM Gravity & Geophysics of 
Jupiter and Galilean Moons) 
An Italian team is developing this radio 
science package to study atmospheres, 
oceans and gravity fields. 


™ GALA (GAnymede Laser Altimeter) 


This laser altimeter will study the icy moon 
surfaces and study tidal deformation on 
| Ganymede, and was designed by a German team. 


® PRIDE (Planetary Radio Interferometer 





SWI a Dopp! : 
xe | eco 
(Submillimeter | ee y 
Wave Re Developed by a team in The Netherlands, PRIDE 
Rouen RIME (Radar © | | will measure the spacecraft velocity and position 
for Icy Moons ! to investigate gravitational fields. 
Pare LIME) Exp oration) |. | 
developed this | | 


PSK ee cena Ce 
He developing this radar | 
study atmospheres, he 


composition and Ure ee | ) Mission Profile 


comparative data. JUICE will focus most of its efforts 





aa) ol -1e-] eK AuRseeean lees: cig ae the Solar Se eNesecie inate Cee 
structures. Grr Rte Vensriet moon mission Me itself into the satellite’s orbit (while merely 
performing flybys of the other two moons). 
Name: JUICE (JUpiter ICy moons Explorer) The mission's other objectives include studying 
Launch: 2022 the magnetosphere and its interaction with Jupiter, 
Ganymede insertion: 2033 and investigating the moon's atmosphere. It is also 
“JUICE ! . BPP hiaimys) (dre Vertalees) expected to provide further and more detailed 
‘ 5 Flyby targets: Ganymede, Callisto and Europa mapping of the moon's surface. 
aan! SSION m arks Mission duration: 11.1 years (7.6 cruise, 3.5 Jovian JUICE also intends to learn more about the 
z ri system) ocean's layers and other potential subsurface sources 
the fir SE time Scientific objectives: of water, study the composition and properties of 
JUICE is a European Space Agency (ESA) the crust and obtain further information about the 
deel Ganyme de spacecraft planned to travel to the Jovian system interior and its dynamics. 
- and focus specifically on the moons Ganymede, JUICE'’s exploration of Callisto will mirror that 
will aya explored Callisto and Europa. The overarching mission of its time spent on Ganymede in many ways. 
e e ° is to explore the potential habitability of these Efforts on Europa will focus on determining crustal 
aa ele) anl aa hes icy moons - as all of them are thought to have thickness, the formation of the moon's surface 
subsurface liquid oceans - and to provide features, and the presence of organic molecules. 


own right” 
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Focus on Hole in the Sun 








The Sun, shot in UV in 2010, several years earlier in its 
cycle and showing no substantial coronal hole 


The hole 
emeatcme ele 


NASA spots an enormous coronal hole opening up 
and expanding above the surface of the Sun 


This image was taken by NASA's Solar Dynamics 
Observatory in mid-June this year. It shows the 
electromagnetic activity of the Sun in extreme ultraviolet, 
with the colder regions in blue. There’s a remarkable 
difference between the hot, dense atmosphere in the 
southern hemisphere and the north, which is considerably 
cooler. This is because a huge coronal hole has opened 

up in the Sun's atmosphere, around 650,000 kilometres 
(400,000 miles) in diameter, or the distance of more than 
50 Earths wide. 

In this region, solar winds can emerge at furious 
velocities, typically up to around 800 kilometres per 
second (500 miles per second), which is about twice the 
speed of solar winds in the regions where the coronal hole 
isn't present. It kicks up a hell of a lot of dust in its wake 
too, carrying material from the Sun far out into the Solar 
System in every direction. 
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As dramatic as this sounds, coronal holes are actually 
a regular part of the Sun's 11-year cycle, growing larger 
and moving closer to the poles the nearer to the solar 
maximum we get. Currently, we're expecting the solar 
maximum in late 2013 or early 2014, which is why we're 
seeing such huge coronal holes converging now. 

As we approach this peak, the Sun's increase in 
activity can affect normal weather patterns on Earth, 
telecommunications can be disrupted and solar flares can 
get particularly large. Some time during this period of 
three to four months, the Sun's magnetic field will weaken 
to zero and then flip, with magnetic north becoming 
magnetic south and vice versa, creating solar storms. 
Incredibly, a huge solar storm during the maximum of 
1859 resulted in the aurora borealis stretching way beyond 
its normal limits, and for a period could be seen as far 
south as Italy and the Caribbean. @ 
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Hole in the Sun 
Sts 


As it approaches solar maximum, the Sun's 
magnetic field is about to completely flip, 
while a huge coronal hole (the big blue patch) 
opens up in its northern hemisphere 


©NASA 
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The Van Allen Probes | , | e 
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iUatcAVeleeeee 
Allen Probe 


Looping around the Earth and plunging through ' oa 
our planet's deadly radiation belts, the Van Allen - 
Probes are giving scientists.a new understanding of | 
our tempestuous relationship with the Sun . , 


* 


On 30 August 2012, an enormous Atlas ’V rocket 
thundered into the skies above Cape Canaveral, 
Florida, carrying with it a pair of NASA probes 
designed to explore the dangerous environment of 
Near-Earth space in more detail than ever before. 
The Radiation Belt Storm Probes, later renamed the 
Van Allen Probes, are a pair of high-performance 
satellites built to withstand long-term exposure to 
conditions that most spacecraft take care to avoid. 

Earth’s rddiation belts were discovered in 1958 by 
Explorer 1, the first US satellite. Roughly two metres 
(6.6 feet) long, this plucky, pencil-shaped spacecraft 
was the first to carry scientific Instruments 
into space, in a paylodd designed by American 
geophysicist James Van Allen. After the satellite's 
radiation-detecting Geiger counter seemed to fail 
repeatedly around the highest point. in Explorer I's 
elliptical orbit, Van Allen and his team concluded . 
that it was in fact being*swamped with high-energy 
particles orbiting Earth 1,000 kilometres (621 miles) 
or more above the surface. They soon became 
known as the Van Allen belts. . 

Today we know that there are two distinct 
radiation belts - doughnut-shaped regions wrapped 
around Earth and filled with fast-moving subatomic 
particles. In both belts, the particles are trapped by 
lines of force in Earth's magnetic field - the more 
stable inner belt, filled mostly of protons at around 
1,000 to 6,000 kilometres (600 to 3,700 miles) up, 
while most energetic particles occupy au ROCos belt 
between 13,000 and 60,000 kilometres (8,000 to 
38,000 miles). Each Van Allen Probe follows a nine- 
hour orbit between 600 and 37,000 kilometres (375 
to 23,000 miles) above the Earth, ensuring that they 
spend long periods in both belts. Slight differences 
in the orbits cause one to drift ahead of the other 
over time, allowing researchers to simultaneously 
measure the behaviour of different regions. 
Launched as part of NASA's Living With a Star 

; J 


* 
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ent (LWS), nt two probes are also designed _ ws ° 
to work closely with other missions such as the _ 
Solar Dynamics Observatory satellite and a balloon- 
borne particle detector known as BARREL. 

Each satellite carries the same set of five 
instruments. The Energetic Particle, Composition Fed by a mix of particles 
and Thermal Plasma Suite (ECT) is designed to from the Sun, this region. . 
directly measure the energy and composition of * _ changes its shape and 
particles within the belts. The vast majority of »  extent.as Earth’sistable 
these particles are lightweight, negativély charged mary tal sen SoMa nie ale ze! 
subatomic electrons, but two other experiments by far more changeable 
known as RPS and RBSPICE look at the detail solar HIB AUST a" ’ 
of the heaviest particles (subatomic protons and | es | 
electrically charged ions) in more detail. The 
Electric and Magnetic Field Instrument Suiteand ~« 
Integrated Science (EMFISIS) and its companion 
instrument the Electric Field and Waves Suite , : mn 








enna Van Allen belt & 


* 


- (EFW), meanwhile, Measure the strength and m ae 


direction of electric and magnetic fields around 

the spacecraft. All the instruments, as well as 

the spacecraft auxiliary systems, are designed : n - 

with rugged ‘radiation ine vealcseteCelmeoynsle(eye(eonits . n 

capable of withstanding constant bombardment ps a 

with damaging particles throughout the mission's , ' 

planned two-year lifetime and beyond. | | | ae 
The probes have already begun to transform our « f 

understanding of the Van 

Allen belts. Shortly after 








launch, they discovered a ; 
an unexpected, short- , a Ad 
lived third radiation belt, ° 
which had formed on the inner edge Q 
of the outer belt following an injection of fresh ) 
o ee raaleles that originated in a storm on the Suns = ? 
And in July 2013, they showed for the first time n a  —_ 


how electromagnetic waves passing through the 
belt regions help accelerate particles to tremendous 
speeds. It seems we have plenty more still.to learn 
about the first great discovery of thé Space Age. @ 


The Van Allen Probes follow an 
extreme orbit that ranges between 
37,000 and 600km (23,000 and 
375 mi) above Earth's surface 
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® Low Earth orbit ® Geostationary orbit 
Most satellites and _ The orbits used by 
human spacecraft orbit _ many communications 
just a few hundred ; m Foe eM ae eel 
kilometres up, safely — a va safe region on the outer 


BYVCo)WMtaTeMe-TeE1A(e a=) Le in edge of the outer belt. 


id ———— ®@ Inner Van Allen belt 
Fuelled by high-energy 
‘cosmic rays’, the more 
> . Darran tC e 
j . a this region can accelerate 
particles to very high speeds 
< a = and energies. ? 
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; Se) Fae a5 % 
Electric power for the probes — } 
comes from four solar panels, - 
pany ema ate 1Ked Roe) 8] =) | 
CWA Cr cites 
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* 
Sun sensor ie 
Two sensors allow the 
spacecraft to keep track 
of its orientation in 
space, while eight small 
thrusters allow it to make 
minute adjustments. 
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a AVIA Sy ee ce | 
5 ane bs) edd 8l-1 0) 
a a pair of rigid 3m (9.8ft) booms _ 


extending from two of the 
probe's solar panels to CES 
the surrounding magnetic field. _ 
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Hard case @ 

Each spacecraft body is 1.8m 
(5.9ft) across and 0.9m << 

(2.9ft) high, with a launch 

weight of over 600kg 

(1,320Ib). A thick metal box ° 
inside protects the main 
spacecraft electronics. 


Ps 


® Particle detectors 
The probe's various particle 
fe hcTel Kol me ee- 1K 
mounted on the side panels 

of its octagonal body. 
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een How cosmic rays and solar wind could hamper 


—.! — our efforts to explore deep space | ae 


Written by Jonathan O'Callaghan 
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Radiation has been a known problem 
for space exploration since the dawn 
of the space age. Early ventures into 
the cosmos were met with trepidation 
as it was unknown what effects 
radiation would have on astronauts 

as they moved out of the protective 
atmosphere of Earth. Thankfully those 
early explorers returned safely from 
their brief forays into the unknown, 
but long-term exposure to radiation 

is still a potentially fatal danger that 
must be addressed if mankind is to 
journey into deep space. 

Radiation in the Solar System 
originates from a number of sources, 
with the primary source of radiation 
near Earth being the Sun. Sunlight 
itself is a form of radiation - mostly 
ultraviolet, visible and infrared - that 
is largely harmless unless humans are 
exposed to it for a prolonged period of 
time. Long exposures can result in an 
increase in skin cancer, among other 
harmful effects. Thankfully, Earth's 
atmosphere does a pretty good job 
of protecting us from the damaging 
effects of solar radiation. 

Our planet is also protected by its 
magnetosphere, which consists of 
magnetic fields surrounding the Earth 
that deflect incoming radiation. Within 
these magnetic fields charged particles 
are trapped in two regions known 
as the Van Allen radiation belts. The 
belts themselves are dangerous for 
astronauts to traverse, but Earth's 
magnetosphere prevents this radiation 
harming humans on the surface. 

When astronauts venture out of the 
confines of low Earth orbit, away from 
the combined protective area of Earth's 
magnetosphere and atmosphere, 
they are subjected to higher levels 
of radiation that can be damaging. 
And it’s not just the Van Allen belts 
that pose a threat; Apollo astronauts 
to the Moon had to ensure they did 
not spend a large amount of time on 
the lunar surface as incoming solar 
radiation could have been fatal. 

Proton events, or proton storms, 
are extreme outbursts of energy from 
the Sun that occur whenever it emits 
a solar flare or a CME - a coronal 
mass ejection. When solar protons are 
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charged to extreme energy levels by 
these events, large bursts of them are 
capable of penetrating the magnetic 
field to ionise the upper atmosphere 
of the Earth and create auroral-like 
phenomena. We're safe from them 
at low altitudes but spacecraft and 
astronauts are vulnerable, damaging 
sensitive instruments and afflicting 
exposed spacewalkers with lethal 
doses of radiation. Fortunately, we 
can shield astronauts and, to a certain 
extent, predict dangerous solar events, 
but they still pose a major obstacle to a 
potential manned mission to Mars. 
Solar wind and energetic solar 
events, however, are not the only 
form of radiation that is a threat to 
astronauts. More troublesome are 
cosmic rays originating outside the 
Solar System, which we still know 
very little about. Huge cosmic events 
are known to emit large amounts of 
radiation that propagate through the 
vacuum of space, often bombarding 
our own Solar System. One such event 
is a gamma-ray burst (GRB), a huge 
outpouring of energy that can release 
more electromagnetic radiation in ten 
seconds than the Sun will emit in its 
entire 10 billion year lifetime. As Ben 


“Gamma rays are 
energetic enougn | 


to rip DNA apart’ 4. @ 


Deadly space radiation 


| This illustration shows how the 
. ‘aftermath of two neutron stars 


colliding can produce gamma- 
ray bursts in the universe 
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Deadly space radiation 


Gompertz, a postgraduate researcher damage to a human. The gamma rays universe of something like one or two example, at the heart of the Milky Way 
studying GRBs, explains, GRBs are from the Sun would kill you before a week suggests that the rate locally a supermassive black hole is thought 
an example of just how hostile the those from a GRB even got started.” will be negligible if you account for the to be churning out huge amounts of 
universe can be. Indeed, in our own Milky Way we volumes in consideration.” cosmic rays. Supernovas, meanwhile, 


“Gamma rays are extremely harmful are yet to observe a GRB. That may Regardless, however, GRBs are an can also throw off a large number of 
things,” says Gompertz. “They're be because “the satellites we use to unnerving reminder of how dangerous high-energy photons in our direction. 
energetic enough to rip DNA apart. detect them, Swift and Fermi, don't the universe can be. GRBs might be Some forms of radiation can be 
Prolonged exposure to an unrealistic typically point into the galactic plane somewhat of a rarity, but the threat of thwarted by a few inches of lead 
level of GRBs could be a threat, but due to the noise," says Gompertz. other cosmic events producing gamma plating on spacecraft, but protecting 
I don't think the amount contained “That means we could well be missing radiation, and other types of radiation, against all types of cosmic rays isn't 
in a single burst would do noticeable them, although the rate across the is amuch more apparent threat. For easy. With a small amount of shielding, 
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Danger zones 


How do levels of radiation 
differ around the Solar System? 


Intensity of 
radiation scale 


LJ lan "RR aCe) t=) 
Like Earth's Van Allen belts, 


| Jupiter accumulates particles in 
% radiation belts that would pose a 
threat to any humans in the Jovian | 
system. The Galileo spacecraft 
was severely damaged by Jupiter's 
| Low radiation in the early 2000s. 










) Outer Solar System 

As you venture out of the 

Solar System the strength 

and abundance of cosmic 

rays becomes more and more | 
apparent, to the point that they | 
can cause serious damage to 
humans or spacecraft. 
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Deadly space radiation 


™ The Sun 
MRA Tenn Reale 
| The Moon Ser B ELE 
Situated outside of the amount of harmful 


_ solar radiation being 

_ constantly emitted, 
ranging from X-rays to 
ultraviolet radiation. 


Moon is subjected to the 
brunt of the solar wind. The 
Apollo astronauts had to 
ensure they did not spend 
too long on the surface. 


Earth's magnetic field, the 


aaa 
Thanks to Earth's 


magnetosphere and 

atmosphere the radiation 

around the planet is relatively 

weak, although solar flares ' 
can be harmful to satellites : 
and astronauts on spacewalks. 





Mars 
| | Data from NASA's Curiosity 
RO ate a 
BEM ROR Vaile 
to Mars they would be 
subjected to potentially 
harmful levels of both 
solar and cosmic radiation. 





mene 

Cosmic rays passing through 
the thick atmosphere of 
Venus are known to give rise 
to charged particles, and 
the atmosphere also traps 
solar radiation to make the 
surface especially deadly. 





} y\ 
_ Mercury al - 


ma: Galactic cosmic rays 

Re renamed nicsrra: 
Brel eae ale -p " 

| | emitting gamma rays 

_ in the process, while 

the planet is also often 


bathed in solar radiation. 







Deadly space radiation 


“The gamma rays from the 
be before 
B even got 


Sun would kill 
those from aG 


started” 


some incoming rays will make the 
shielding become radioactive, giving 
off secondary forms of radiation that 
can be harmful to a human crew. 
When it comes to cosmic rays, only an 
innovative method of shielding such 
as layers of water or superconducting 
magnets would be sufficient to protect 
astronauts from the adverse effects of 


Radiation 
shielding 


1 Active radiation @ 
Salted fe lTates 
This NASA concept 
spacecraft would use a 
configuration of six coils 
surrounding a habitat 
module to protect 
astronauts on missions 
beyond low Earth orbit. 





® 4 Orion spacecraft 
When in areas of low radiation, 
astronauts could venture away 


being exposed to this radiation during 
a deep space exploration mission. 

The effects of prolonged exposure 
to space radiation can be dangerous, to 
say the least. An unprotected astronaut 
exposed to solar radiation and cosmic 
rays for two hours would have their 
DNA ripped apart, or ionised. Even 
astronauts inside a spacecraft with 


® 2 Coils 


Current would pass 

through superconducting 
magnetic tape attached to 
flexible material like Kevlar, 
creating astrong magnetic / 
field in each coil. y a 
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Orion spacecraft, returning during 

periods of increased solar activity 

or incoming cosmic rays. 
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some form of metallic shielding would 
ultimately develop an increased risk 
of cancer and probably succumb to 
some form of radiation sickness. The 
full list of effects from space radiation 
is lengthy, and also includes a higher 
risk of radiation cataracts - partial 
blindness - among astronauts. 
Ultimately, to protect astronauts 
from the adverse effects of solar 
radiation we will need to devise new 
forms of shielding. There are several 
technologies being developed that 
may be able to reduce the hazard 
posed to human spaceflight by cosmic 
rays. Spacecraft, for example, could 
make use of material shielding such 





for the crew on board. 






® 3 Habitat 


The shielded habitat of the crew 


would be located in the centre 
of the six coils, providing the 


crew with ample protection from 


incoming radiation. 










as liquid hydrogen or water to form a 
protective layer around certain areas 
of a spacecraft, which the crew could 
move to during increased elevated 
levels of incoming radiation. Magnetic 
deflection, as illustrated below, could 
also be used to deflect charged 
particles and keep the crew safe. 

Tackling deadly space radiation will 
be a cause for concern when we decide 
to send astronauts to an asteroid, Mars 
or beyond. Some breakthroughs in 
key areas of technology are needed to 
ensure the safety of said astronauts, 
but hopefully with the multitude of 
research being done today a solution 
will soon be found. 


C — i” 
Beeler . igs sss . 
Of course, not all radiation Pan 
is harmful; the spacecraft » alt 
could make use of incoming : Te 2 
solar wind to provide power . 


‘® 6 Magnetic field . 
| Creating an artificial 
magnetic field would 
replicate’Earth's 
magnetosphere, 
providing a protective 
environment in which 
humans could survive. 

























7 Passive shielding * 
While the coils do not_ 
provide protection at the . , ° 1s 
ends of the spacecraft, . # e 
passive shielding from 

the propulsion ST 

and docking mechanism 
could compensate.. i 
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Crew @ 
Two crewmembers, a pilot and a 
flight engineer operate this giant 


spacecraft from a cockpit at the “ad 
3 geeeoee rt 

top of the payload section. i J % . eS Passengers 
The Kankoh-maru will 
be able to hold 50 
passengers in its interior 
habitat, a much bigger 
crew than any spacecraft 
that has ever flown. 


Payload @ 

The Kankoh-maru can 
take around five metric 
tons (11,000 pounds) into 
low Earth orbit, which 
will be a combination of 
passengers and cargo. 












Takeoff and landing @ 
The Kankoh-maru will 

take off and land using its 
boosters and sustainer 
rockets. It can refuel at an 
orbiting hotel prior to landing 
to eliminate the need to 
carry all of its required fuel. 


® Propulsion 
A total of 12 rockets 
underneath the Kankoh- 
maru will propel the 
Spacecraft into space. 













Focus on The Sculptor Galaxy 
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The Sculptor Galaxy's (NGC 
253's) furious star output 
gives scientists an insight 
into the early universe 
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The Sculptor Galaxy 


on ee 


~ Galaxy 


Astronomers investigate the output 
of one of the most prolific star 
factories in the universe 


Take a look at this image of NGC 253 (top 
right), otherwise known as the Sculptor Galaxy, 
constructed from data acquired by the high 
resolution and sensitivity of the ESO’s Atacama 
Large Millimeter/submillimeter Array - or 
ALMA. The colours represent emissions of cold 
carbon monoxide gas from the middle of the 
galactic disc, the most intense shown in pink 
through to the weakest emissions in red. NGC 
253 is spewing out massive quantities of this 
gas, a result of the expanding shells of pressure 
created by the huge number of young stars in 
aT mee le Deis 

At 11.5 million light years from the Solar 
J System, NGC 253 is one of the closest starburst 

galaxies to us. The term ‘starburst’ refers to a 
phase in a galaxy’s evolution, it has several sub- 
types and the phase can occur in galaxies of a 
huge range of total masses. Starburst galaxies 
PICome- Nom DAM BSMONSUAT(clec(om Kole thm D) Ulm H UD) UNBRTOMO)OLE 
——S ——— #%new stars at a furious rate, sometimes ten times 
A wide-field view of NGC 253, as fast as in the Milky Way, consuming its gas 
eTeselolmie mists) (i sivid ya dale reservoir and resulting in a starburst phase 
ESO's Very Large Telescope distinctly shorter than the age of the galaxy. 

The Sculptor Galaxy is likely belching more 
gas into space than it is consuming, exactly 
as many galaxies would have done in the first 
few billion years after the Big Bang. Given its 
proximity to us, it makes an ideal study subject 
for scientists, as an example of a very common 
occurrence in the early universe. 

Current computer models show that older 
galaxies should have a greater mass and more 
Stars than we actually see. It could be that, rather 
than recycling gases, galactic winds in starburst 
galaxies are strong enough to deprive future 
generations of the fuel they need to form. @ 
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The greenest fingers in the world couldn't 
grow vegetables in a lunar allotment 
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Megan Whewell 
Education Team 

Presenter 
i Megan has a first- 
class Master's degree 
in Astrophysics and Pa as 
Science Communication [ie 
and specialises in the 
topic of star formation. 






Education Team 
Presenter 

Wi Having achieved 

a Master's in Physics 
and Astrophysics, Josh 
continues to pursue his 
interests in space at the 
National Space Centre. 


National Space Centre 
Education Officer 

i Sophie specialises 

in planetary science 

and astrobiology at the 
National Space Centre, 
and studied astrophysics 
at university. 


Gemma Lavender 
Science Journalist 
i Gemmahas been 
elected as a fellow of 
the Royal Astronomical 
Society, has a degree in 
Astrophysics and has 
been a science journalist Moon rock is very dry and contains 
for several years now. ' : gases from the solar wind 
8’ SOLAR SYSTEM 


How different is Moon rock and Earth rock? 


Morgan Howells approximately between three and four for gas from this source, and are and Earth rock; some were expected 
While most of the minerals in Moon and a half billion years ago. Lunar significantly different to isotope ratios but others were great discoveries made 
rocks are found on Earth, they were rocks also contain trapped gases from found on Earth. Overall there are by investigating the samples brought 
formed in very different environments. the solar wind passing them at the many differences between Moon rock back from the Apollo missions. MW 


Moon rock shows evidence of time of formation. The solar wind is a 


formation in an extremely dry setting, continuous stream of charged, highly “Lunar TO cks contain PdSe5 


with low gravitational influence and energetic particles originating at the 


very little surrounding oxygen. This Sun and moving out in all directions. from the solar wind DdS slg 
is completely opposed to the Earth's The gases found in lunar samples nh nh 7 f f jr W 
environment at the time of formation, match the isotope ratios expected C CTT) at C e time O Ormation 
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In November, Comet ISON may 
become the brightest comet seen 
from Earth in over a decade 


What is 
the biggest 
comet? 


David Mansel 
The largest comet ever detected is 
thought to be a comet that passed 
in 1729. It's the brightest ever 
observed and, as such, is believed 
to be the largest at around 100 
kilometres (62 miles) in diameter. 
But comets come in a range of 
sizes, from around 100 metres (330 
feet) to 40 kilometres (25 miles) in 
diameter. However, the maximum 
size of a comet is not yet known. 
This is because most comets 
originate from the very edge of 
our Solar System. Not only does 
their distance from Earth make 
it difficult to measure, but they 
are also very dark, reflecting only 
around four per cent of the light 
that hits them. This makes them 
difficult to detect and measure. 
Despite this, comets are 
constantly being detected and 
observed. A team of science centres 
and researchers around the world 
keep constant watch. This is to 
try to keep us aware of any close 
encounters with these potentially 
deadly objects. Luckily, with the 
formation of a tail comets get 
easier to spot the closer to the Sun 
they get. Years of study, including 
flybys by spacecraft, have enabled 
us to get a good idea of the inner 
workings of comets. Comets are 
currently on every astronomer's 
mind as in November we may be 
treated to a very bright one. Comet 
ISON has the potential to be fairly 
spectacular despite being only five 
kilometres (3.1 miles) in diameter. 
This is due to a path which puts it 
very close to the Sun. JB 
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Why is a solar flare so 


Solar flares can reach 
Jen OeaeLMelRccKe) mel COLenalel 
10 to 20 million Kelvin 


much hotter than the 
Sun's surface? 


Mandy Jones 

We don't fully know. The part of the Sun that 
we can easily see is the photosphere. This is the 
region from which photons (or packets) of light 
energy are emitted and is at a temperature of 


just under 6,000 Kelvin. There are other layers 
of atmosphere above this that are hotter, even 
though they are further away from the Sun. The 
corona, for example, can be millions of Kelvin 
and this has puzzled scientists in the past. 

In fact, solar behaviour and the generation 
of solar flares remain a bit of a mystery. We 
know that flares occur around regions of very 
high magnetic field strength. And thanks to 
the recent mission Hi-C we now know that 
the corona is heated by hot ionised material 
travelling from within the hot star, being 
released when these fields interact or join 
together - a process we call reconnection. 

And when reconnection occurs, the magnetic 
field lines effectively snap back together, 
momentarily releasing large amounts of high- 
energy, high-temperature material into space. A 
solar flare is effectively material that has been 
magnetically funnelled from the lower, hotter 
regions of the star and can therefore be much 
hotter than the observable surface of our star. SA 
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Helios 1, one of a pair of 


solar probes, aboard its 
launch vehicle in 1974 
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How fast does a sungrazing 
comet (Lovejoy, for 
instance) travel in relation 
to the Sun? 


Theodor Ladar 

Comet Lovejoy was found to hurtle towards the Sun at around 640 
kilometres per second (400 miles per second)! The speed at which 
comets travel depends very much on the shape of their orbits. Kepler's 
law - which explains the velocities of objects travelling in the elliptical 
orbits that comets travel in - tells us that comets travel fastest nearest the 
Sun but slow down the further from the Sun they move. 

Similarly, the pair of Helios spacecraft that were launched to orbit the 
Sun to study its processes were travelling at an incredible speed of 70 
kilometres per second (44 miles per second). 

Sungrazing comets, like Comet Lovejoy, the Kreutz Sungrazers and 
Comet Ikeya-Seki, are icy bodies that pass extremely close to the Sun at 
their perihelion - their closest point to the Sun in their orbit. Sometimes 
the distance can be within as little as a few thousand kilometres of our 
Sun's surface. As you might know, some of these comets get so close that 
they can be completely evaporated while others, if they are big enough, 
can survive the intense heat but still end up fragmenting due to the 
strong evaporation and the gravitational tidal forces. GL 
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What is a black hole made of? 


Sebastian Paul However, the closer we get to the would be at the centre of a black hole 
The simple answer is that we don't centre of a black hole, the faster our - they break down, leaving us with no 
know. A black hole is defined as a understanding of physics breaks down. idea as to what's going on! 
region of space-time from which strong Thanks to general relativity, we think To get around the problem, 
gravity prevents anything, including we understand what happens in this astrophysicists need a theory of gravity 
light, from escaping. extreme gravity and with the help of that is compatible with quantum 

We know that matter falling into quantum mechanics, we can make an mechanics that might just describe 
black holes is no different from the intelligent estimate as to what happens the physics inside a black hole. At the 
matter which can be found lurking at smaller, microscopic scales. But ifthe | moment, though, no such model exists 
around the rest of the universe. two theories are combined - like they but physicists are working on it. GL 
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7. Weide 
There is no official definition of when a 
cluster ofystars should begin to be referred 
: to.as a galaxy. A number of ways to 
rdetermine the edges of each classification 
have been proposed, for example whether 
there is only one generation of stars 
which all formed from the same nebula, 
suggesting.a cluster, or many generations 
of stars which formed at widely different 
times, suggesting a galaxy. Size has also 
been suggested as a defining feature, 

ye" *. perhaps with a maximum size limit set on 
. Clusters, but this runs into difficulties now 
 somesvery small ‘dwarf galaxies’ have been 
_ found. Another possibility is the presence 
*. of dark matter - in the most popular model 
for the beginnings of our universe, galaxies 
form along regions of dense dark matter 
whereas Star clusters are not thought to 

have that association. Ultimately there may 
- ; oe “Not be an easy line to draw between star 
VEOReo eT tei Che eae ma Pern fr See “ %' “"" .- clusters and galaxies, but by investigating 
raeCottceTate ROMs eevee O11 oh ae = : Heel s % * ** “the question astronomers will only learn 
a galaxy in itself? ie a Fs Pa Necceloenimencnarve types of objects. MW 
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Relative to each other, these two | 
people aren't moving at all 


What do 
astronomers 
mean by 
‘relative 


L i 
velocity’? 
Liz Barnes 
When astronomers talk about 
relative velocity, they are referring 
to the speed and direction of one 
object with respect to another. This 
‘other’ object acts as a reference 
whether it is stationary or moving. 
Let's think of an every day object 
on Earth to get a clearer picture of 
What astronomers mean. 

Imagine sitting on a bus witha 
friend. Looking at each other, you 
and your friend appear to not be 
moving, but to anyone standing 
outside of the bus, you and your 
friend are moving at a constant 
velocity - the same speed and 
direction. The reason why you and 
your friend appear to be stationary 
when you look at each other is 
because you are in what is known 
as the reference frame of the bus. 

Anyone standing by a bus stop 
seeing you go past, would say 
that you are travelling at the same 
speed as the bus. Your friend, on 
the other hand, would say that 
you're moving at zero miles per 
hour. What we observe depends 
on our frame of reference, or state 
of motion. GL 
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ZW II 96, a starburst galaxy 500 million light years 
away, is a result of multiple galaxies merging together 


se) 


when ga 


Robert Neale 

The word collide invokes imagery of 
high energy galactic collisions and it 

is easy to imagine that burning stars 
as well as rocky and gas planets will 
smash together, obliterating each other 
in the process. 

With a collision between the 
Andromeda Galaxy and our own Milky 
Way Galaxy predicted to occur in the 
next 4 billion years or so, it sounds 
like an apocalyptic end for the Earth. 
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The word collision is a little dramatic 
- merge would be a far more accurate 
term. Over large periods of time, 
the two galaxies will gravitationally 
interact, attracted to each other. As 
they merge, the stars and planets of one 
get mixed with the stars and planets 
of the other resulting in a larger galaxy 
with a different structure to either of 





Wee MoU aate oye evalelks 
axies collide? 


However, in reality, the process is much 


The matter in galaxies is incredibly 
spread out. In fact Proxima Centauri, 
the nearest star to our own is 
approximately 30 million times further 
away than the diameter of the Sun. 
As a result, rather than crashing into 
each other, all of the planets in the 
two galaxies simply get cosmically 
shuffled. So while a planet may find 
itself with some new neighbours, 
it is very unlikely that it would be 
physically impacted. SA 


Do asteroids have metallic 


cores, like planets? 


Katherine Taylor 

Generally, no. The structure of asteroids and 
planets is actually quite different. While planets 
have a clearly defined internal structure, ranging 
from molten metal cores to rocky or gas based 
exteriors, asteroids have a much simpler one. 
Asteroids fall roughly into three groups. The first 
of these are the ‘rubble pile’ asteroids. These 
objects are a collection of small pieces of debris 
that are bound together by gravity. It is thought 
that they probably originate from collisions. The 
second group are the solid asteroids. Their solidity 
indicates that at one point they were molten. This 
would allow the materials to melt and form one 
continuous lump rather than the grainy structure 
seen in ‘rubble piles’. The last group is a recently 
discovered ‘double’ structure. These arise when 
two asteroids are bound extremely closely together, 
often touching. These asteroids have drifted 
together and now share an orbit around the Sun 
and each other. Very few asteroids are large enough 
to have a structure which has differentiated into 
the distinct layers, despite still having a high 
metallic content like some of the planets. JB 













Quick-fire 
questions 


@spaceanswers 


How many Lagrange 
points are there? 
There are five Lagrangian points - 
positions where there's a balance 
of gravity - around a planet like 
Earth. Lagrangian points make it 
possible for satellites, spacecraft 
and moons to orbit. 


Could there be planets 
in the Oort cloud? 
It was once thought that there 
Was a planet orbiting on the 
outskirts of the Oort cloud, but to 
date, the only objects known to be 
lurking in there are icy comets. 


How big can stars get? 
According to theory, stars can 
reach a size of around 2,600 
times the size of the Sun - which 
is how big cool supergiant stars 
get. The largest known star is VY 
Canis Majoris; a red hypergiant 
star which is around 1,540 times 
the size of our Sun. 


How far is Earth from 
Andromeda? 
The Andromeda Galaxy is around 
2,540,000 light years away 
from Earth. That’s 14 quintillion, 
nine hundred and thirty one 
quadrillion, three hundred eighty 
nine trillion and five hundred 
billion miles. 


Are there any 
underwater telescopes? 
There's actually a famous one 
- the Baikal Deep Underwater 
Neutrino Telescope - located 
in the Siberian lake Baikal at a 
depth of around 1km (O.6mi), 
where it points to the centre of 
the Earth hunting for neutrinos. 
Astronomers believe that 
neutrinos played a part in the 
universe's formation. 


Who discovered Mars? 
There's no single person who can 
be credited with the discovery of 
Mars. Since it’s easily spotted in 
the night sky with the naked eye, 
the Red Planet is likely to have 
been known, and observed, for 
thousands of years by people of 
many different cultures. 












Quick-fire 
uestions 


@spaceanswers 


~ Why are there space 
telescopes? 

We put telescopes in space 
because they give us a clearer 
picture of the universe. Our 
atmosphere blocks different types 
of light such as X-rays, gamma- 
rays, most ultraviolet and infrared 
and also distorts the view in 
visible light. 


~~ Before the telescope, 
what did astronomers use? 
The human eye, perhaps 

aided with any variety of sight 
devices. The Chinese used 
armillary spheres, astronomer 
Tycho Brahe used long sighting 
‘tubes’, neolithic farmers 

used Stonehenge to point to 
midsummer sunrise, while 
astronomer Ptolemy noted planet 
positions with respect to stars. 


“ How many Solar System 
comets are there? 

Other than the few thousand 
comets that we have seen swing 
by Earth, there are many, many 
more thought to be hiding in the 
depths of our Solar System - so 
many in fact, that astronomers are 
unsure of their number! 


~) What's the hottest 
recorded temperature of 
anything? 

The hottest is thought to be 

the Planck temperature, the 
temperature at 1 Planck time - 

5.4 x 10** seconds after the Big 
Bang - and is considered to be the 
maximum possible temperature at 
140,000,000,000,000,000,000,0 
00,000,000,000 degrees Celsius. 


~ Could the asteroid belt 
form a planet? 

Gravitational perturbations 
from Jupiter would provide 
protoplanets - the beginnings of 
a young planet - with too much 
orbital energy, meaning that a 
planet would be unable to form. 
There's also not enough mass in 
the asteroid belt to make a planet. 













Today, NASA and the 
Russian Federal Space 
Agency work together 
towards common 
space goals 


Do national space agencies share 


information with each other? 


Carole Davies 

The space race saw the Soviet Union 
and the US locked in competition 
with each other. During this time each 
nation's developments were extremely 
secretive. This was only a factor for 
around 20 years - after the successful 
Moon landings of 1969, the approach 
to space exploration changed. 

The final Apollo flight saw the USSR 
and the US work together on a mission 
to dock an American capsule with a 
Russian spacecraft. This signified the 


- 


start of international collaboration 
within the space industry. Nowadays 
almost all information is shared. This 
is for a number of reasons, the main 
one being cost. It is very expensive 

to send experiments and equipment 
into space, so rather than send two 
experiments to do the same thing, it is 
much more cost efficient to send one 
and share the results. This also means 
that expertise can be pulled in from 
across the globe to design missions 
and analyse test results. JB 


Photons lose some energy due to 
the expansion of the universe 


stent Vet =, have 
2 


aCe) i] 


rgy to travel 


billions of light > ge 
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Photons are particles of light including all forms of electromagnetic 
radiation and, depending on the wavelength the light is in, have different 
energies. The highest energy photons usually belong to ultra-high energy 
gamma rays, while the lowest can be found in the long wavelengths of 
infrared, microwave and radio. Since a photon doesn’t have any mass, it will 
not fall victim to friction, but it could lose energy if it collided with an atom 
or particle. Since space is pretty empty, most phot6ns of light from distant 
objects reach us without colliding with anything. 

However, all photons lose a bit of energy due to the expansion of the 
universe. When we look at redshifted galaxies - which describes the shift 


1 


from shorter to longer wavelengths of light from objects that are moving 
away from an observer - it appears that the galaxies are moving away. The 
light, which is a redshifted version of the light that actually left the galaxies, 
is lower energy and longer wavelength, but we still see it. GL 













Imagine how much 

energy you could mine 

from a supermassive 
black hole | 





Theoretically, 
is it possible 
to mine 
energy from 
black holes? 


Daniel Bellinger 

It’s possible, there's no doubt 
about it, as black holes can build 
up an immense amount of 
energy. Black holes, according to 

a theory developed in 1974 by 
none other than the physicist 
Stephen Hawking, are suggested 
to radiate. However, realistically, 
with their intense gravity refusing 
to allow anything to escape, these 
exotic objects only really radiate 
with an extremely small amount 
of energy thanks to a quirk of 
quantum mechanics. Nevertheless, 
some scientists think that a black 
hole's ability to convert mass 

into energy might point to some 
source that could be tapped. In 
particular it has been discovered 
that it is in fact possible to mine 
energy from rotating black holes by 
launching small bodies into their 
neighbourhood, therefore slowing 
down their rotation. 

Another theory is that cosmic 
strings could also be used to mine 
energy from these exotic objects. A 
string allows an additional channel 
for energy release. GL 
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[ .@% SOLAR SYSTEM] 


What decides the 
temperature of 
eueeiacits 


Zaq Kay 
The temperature of a planet is determined by a combination of many different 
factors. The first is the amount of heat it receives from its host star; this depends 
on both the temperature of the star itself and the distance the planet is away 
from it. Different types of main sequence stars have very different temperatures; 
the coolest stars can have surface temperatures of only around 2,000 Kelvin, 
whereas the most massive, hottest stars can have surface temperatures of over 
30,000 Kelvin. The second factor is the amount of heat the planet retains, which 
is altered by the composition of the planet. The planet may be a gas giant like 
Jupiter, Saturn, Uranus and Neptune, a rocky body like Mercury, Venus, Earth and 
Mars, or even something in between. Assuming the planet is rocky, the density 
and composition of its atmosphere will affect the surface temperature. For 
example, Venus’s thick carbon dioxide atmosphere with sulphur dioxide clouds 
traps in far more heat than Earth's mainly nitrogen atmosphere. In fact, Venus’s 
atmosphere has caused the planet to have an average surface temperature of 
around 450 degrees Celsius (840 degrees Fahrenheit), making it the hottest 
planet in the Solar System. MW 





VIOLENT 
ON 


Raging solar storms, colossal 
coronal ejections and anew 
ice age on Earth? 








i 
Why does the Moon take so long Bj )'" 4 20 INCREDIBLE 
to move away from the Earth? gr = SPACE MISSIONS 


Ruth Gaskin outwards, the Earth's spin would need —_ “~ Mankind’s most dangerous, unusual 


The Moon is taking quite a while to speed up substantially in order and fascinating Space projects 
to move away from the Earth at a for the Moon to achieve an escape 


comparatively slow 3.78 centimetres velocity that would set it free. GL Pt = ALL ABOUT 
(1.5 inches) per year. So, what's taking ae 
it so long? The answer is that it is Since Apollo 11, the Moon has drifted | ated 
Sats around 160cm (63 in) further away 2 
quite tightly bound to Earth's orbit by from Earth La ng 
the gravitational force that the Earth att ai = 4 * aa 4 The ancient Galilean moon - from 


exerts on it. The Moon also exerts — ee ~~ ~~ blasted surface to its tiny core 


a gravitational force on our planet, , , et " | 

causing the movement of the Earth's , ky i a Wes - STORY OF 
oceans to form a tidal bulge. The ‘ ) A oF — = 

Earth's rotation means that this tidal ; Pon , en) ie — THE ISs 


bulge rests slightly ahead of our , a | oer , 
natural satellite and some of the 7 a Y Cu. é- 5 The 15th anniversary story of 


energy created by the spinning ff ) | : S, a ™ v -_" this $100 billion SpdCe Station 
Earth gets transferred to the : em 
tidal bulge with the help of 


friction. The bulge is then . * <x —— j 
cokes: i ie 4 THESMALLESTGALAXY Sen 
the Moon, pushing it fee a ¥ : ee _. M ba oe " p> LUNAR MASS DRIVER 
higher orbit. In order for the Y A, b ; 5 oho ’ - . , ANIMAL ASTRONAUTS 2013 
soon:otesimnsiuther Ve  -  INTERSTELLARSPACE “ 
eee SS STRATOLAUNCH CARRIER 

» See  ~=~——sCAALMAOBSERVATORY 
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Two of astronomy’s less- The top sights to look out 
well-known telescopes for in this month's skies 


All About... 





STARGAZER 


GUIDES AND ADVICE TO GET STARTED IN AMATEUR ASTRONOMY 


Learn how to spot the 
International Space Station 


OS [Me and my 


Our readers showcase their best 
astrophotography images 


—<—_ 


This month's essential 
astronomy kit revealed 


Klevtsov-Cassegrain and Classical 
Cassegrain telescopes 


Less well known, but still important, these two designs of 
telescope are occasionally used by amateur astronomers 


The Klevtsov-Cassegrain telescope 
is less well known among amateur 
astronomers, but the way in which it 


is configured makes it very interesting. 


It comes under the category of 
‘catadioptric’ telescopes, meaning that 
it uses both lenses and mirrors. 

There are many advantages to the 


design. Unlike the Schmidt-Cassegrain, 


the Klevtsov doesn't have a full 
aperture corrector plate or lens at 

the front. This allows it to cool down 
and reach ambient temperature more 
quickly. A ‘spider’ holds the secondary 
mirror and lens assembly in place. 
The secondary mirror is unusual in 
that it consists of a Mangin mirror 
and a meniscus reflector. The Mangin 
mirror is a negative meniscus lens 
with its reflective surface at the rear 
forming a curved mirror that reflects 
the light without spherical aberration. 
Any such aberration is corrected by 
the meniscus lens held in front of the 
Mangin mirror. 

These telescopes are very compact 
and can give very good planetary and 
lunar images. They perform well in 
photographic uses. 


Jargon Buster 







KLEVTSOV 


Primary 

mirror 

The main mirror in the telescope 

is made from the cross section of a 
sphere. This makes the mirror cheaper 
to manufacture, but introduces optical 
aberrations which need correcting by 
the secondary mirror/lens assembly. 


Like the Klevtsov, Classical 
Cassegrain telescopes are again not in 
common use by amateur astronomers. 
The optical system consists of two 
mirrors, a primary parabolic mirror 
and a smaller secondary mirror 
which is given a hyperbolic shape. 
This secondary mirror is designed to 
reflect light back down the telescope 
tube and out through a hole cut in 
the centre of the primary mirror. This 
means that the observers or imaging 
equipment is placed behind the 
telescope, so more like a refractor than 
at the side of the tube such as you 
would find in a traditional Newtonian 
reflecting telescope. 

Traditionally the secondary mirror 
is held by a spider although there 
are certain types which use a clear 
glass plate designed to eliminate the 
diffraction spikes found on bright 
stars seen in images from scopes 
using ‘spider vanes’. Using a glass 
plate though can cause some light 
loss through the system. Classical 
Cassegrain telescopes tend to have 
longer focal lengths, which means that 
they are useful for planetary and lunar 
observing and imaging. @ 


KLEVTSOV 

in mirror/ 
meniscus lens 
The secondary lens system in 
Klevtsov-Cassegrain telescopes is 
designed to reflect light back down 
through a hole in the primary mirror 
having first corrected any spherical 


aberrations introduced by the main 
mirror and the secondary mirror itself. 


® Hyperbolic 


Anatomy of 
a Classical 
Cassegrain 
telescope 










So 


pb 
€ SL; rs 
® Primary mirror 


The primary mirror is given a 
parabolic cross section much like 
a Newtonian telescope. However, 
the light is not reflected by a flat 
mirror out of the side of the tube, 
but through a hole in the primary 
mirror to the focal plane. 


secondary mirror PN 
The secondary mirror 
is usually made to ~. 

a hyperbolic cross 

section to improve the 7 

sharpness of the image; 

also having the light ; 
reflected back through ° 
a hole in the primary 
mirror helps keep the 
telescope compact. 















CLASSICAL CLASSICAL 


MIITOoOr 


The main mirror in a Classical 
Cassegrain is made to a parabolic cross 
section. This means that all the light 
rays reflected by its surface should 

all be brought to a focus at the same 
point thereby minimising aberrations 
such as spherical aberration. 


The hyperbolic shape of the 
secondary mirror in the Classical 
Cassegrain gives an increased 
performance over a parabola, 
although it is much more difficult 
and expensive to manufacture 
therefore increasing prices. 
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Anatomy of 
a Klevtsov- 
Cassegrain 

telescope 










® Mangin mirror/meniscus 
lens assembly 
This consists of a Mangin mirror 
having two slightly different curved 
surfaces to correct any spherical 
aberration inherent in the secondary 
mirror and a meniscus lens which 
corrects aberrations introduced by 
the spherical primary mirror. 


This is the main mirror which 
gathers the light from the 
Stars. It is the cross section of a 
sphere which makes it cheaper | * 
to manufacture. Aberrations 
introduced by its shape are 
corrected by the secondary 
mirror assembly. 


® Spherical primary mirror | e x 


fa 


Pros 
and cons 


Klevtsov-Cassegrain telescopes 
can produce extremely sharp 

and well-contrasted images and 
are good for imaging the Moon 
and planets due to their flat field. 
However, the secondary mirror/ 
lens assembly has to be made very 
accurately otherwise performance 
can be easily compromised. There 
are some commercially available 
examples made for the amateur 
market which are of good quality 
although they are prone to issues 
of stray light due to minimal 
internal baffling and they tend to 
be quite heavy. 

Originally designed for lunar 
and planetary observing and 
imaging, the Classical Cassegrain 
excels at this kind of work. The 
long focal lengths allow for 
high magnifications to be used 
successfully and the whole system 
is surprisingly compact due to the 
way the light path is folded up. The 
secondary mirror can be mounted 
in a clear glass plate or window 
which eliminates diffraction spikes 
around the bright stars and helps 
to keep the optics clean. 


“Klevtsov- 
Cassegrains are 
very compact 
and can give very 
good planetary 
and lunar images” 






Klevtsov telescopes are great 
for astrophotography 
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The skies are darker for longer now, so there's more 
time to view those lovely deep-sky objects... 


eV EC CC Oy Ey Galaxy M74 


Viewable time: From an hour or two after Viewable time: An hour or so after dark and 
dark until dawn through to the early hours 
OW abt) eDe@l LURK MANE Lome) e leaner IAYMe Nee) a) (axe! Messier 74 is a face-on spiral galaxy lying 


by Caroline Herschel in 1783 and catalogued 

by her brother William in 1786. It lies in the 
constellation of Andromeda and is just detectable 
with the naked eye from a very dark sky site. 
A telescope will show around 60 stars 
in the cluster but they are all quite 
faint. Long-exposure photography 
will show this group in its true 4 
glory. It's thought these 
stars are around 1,300 
light years from Earth. 


around 32 million light years away from us. 
You'll need a moderate-sized telescope to see 
it well as it is quite faint. You can see the spiral 
arms in long-exposure photographs. It can be 

| _ found in the constellation of Pisces near 
to the star Eta Piscitum and played 
» host to a recent bright supernova, 
a star which exploded 
and was temporarily 
brighter than the rest of 
id ntcmcielW Icom ee IED OA 
























Say - 
Stee geese 


Planetary NN | | = — a yt Sculptor 
Nebula NGC 246 | Galaxy NGC 253 


Viewable time: From an hour or Viewable time: Best seen an hour 
two after dark until dawn or two either side of midnight 
Planetary nebula have little to do with You need a good clear horizon to see this 
planets, they were so named because when object from the northern hemisphere, but 
they were discovered it was thought they looked the Sculptor Galaxy is well worth a look through 
a little like ghostly planets. NGC 246 goes by two a telescope. It’s sometimes known as the Silver Coin 


names, the Skull Nebula and the Pac-Man Nebula. This and is an intermediate spiral galaxy. It was discovered 
is the remains of a star that has ejected its outer layers Northern by Caroline Herschel in 1783. It lies approximately 13 
of gas, which has then formed a bubble surrounding tery eh a million light years away from us. You will need a fairly 
it and is expanding into space. The star has collapsed large aperture telescope to see its spiral structure, but 
into a ‘white dwarf’, very small and dense. it does show up well in long-exposure photographs. 
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mean 
~ How to view 


el opte 


The International Space Station is one of the 
brightest objects in the sky. Here are some — 


pointers to help you see it... 


Launched in 1998, the International 
Space Station (ISS) is a habitable 
artificial satellite in low Earth 

orbit, which, due to, its modular 
construction, has grown over the 
past 15 years to become the largest 
artificial structure to orbit the Earth. 
It has been continuously occupied 
for over 12 of those years and serves 
as a ‘microgravity’ environment and 
an Earth observatory for the study of 
meteorology, biology and many other 
fields of science. It’s jointly funded by 
NASA and the Russian Federal Space 
Agency and is a great platform for 
education and cultural outreach. 

As the ISS has grown with the 
addition of new modules, its power 
requirements have also increased. 
This has been addressed by the 
addition of more solar panels, which 
provide all the energy to run the 
entire station. It’s these panels and 
other surfaces which reflect sunlight 
and so enable us to see it. 

It's really quite easy to spot the 
ISS as it orbits the Earth. It can take 
between two and five minutes to 
pass overhead depending on where 
it appears and in which direction it 
is moving. However, due to its orbital 
path, which is inclined at 51.6 degrees 
to the Earth's equator, it isn’t always 
visible to everyone here on the Earth's 
surface. For a start you can only see it 
clearly during the hours of darkness 
when it catches and reflects the Sun's 
light for part of its orbit. It travels 
from west to east at an average speed 
of approximately 27,700 kilometres 
per hour (17.200 miles per hour) 


and completes around 15.5 orbits 
every day. It maintains an altitude of 
between 330 kilometres (205 miles) 
and 410 kilometres (255 miles). 

SA olbm er cemmrcon me ie)Ke 
and would like to, you do need to 
know when it will be in your part 
of the sky. There are a couple of 
websites which will, if you enter your 
observing site location, give you an 
accurate idea of when the ISS will 
be visible in your area. The first of 
these is NASA’s own Spot The Station 
roi a 
another is Heavens Above 

heavens-above.com). With both of 
these websites you need to enter 
your observing site details either on 
a map or by using your latitude and 
longitude co-ordinates. The website 
will then tell you which day and at 
what time you can expect to see 

the ISS and even how many degrees 
above the horizon it will appear and 
its maximum height. You can even 
request to be put on an email or text 
alert list. This will let you know in 
advance when the ISS will be making 
an appearance in your skies. 

Now there are even smartphone 
and tablet apps which will give you 
up-to-date information and alerts 
about the ISS and sometimes other 
satellites as well. These are usually 
free to download and install, 
such as the ISS Detector for 
Android devices. With all this 
information, you should be 
able to enjoy watching regular 
passes of the ISS and give the 
Scone eel ion | 
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Blase adh, 
quite easy to 
spot the ISS 
as it orbits 
the Earth” 
















A time exposure image 
of the ISS as it passes 
through the sky 


























How to view the ISS N 


How to track down and view the ISS 








Sighting Location Lookup Sign up fc 

See ihe upcoming sighting opportunities for several Receive eme 

thousand locatons worldwide AOUrS Detore 

heeded lice panatsaeda eee Hummes iy bi 
De ee da bet Me en es oe 

Received 

See the International Space 
. Please note 


station! As the third brightest 1 hour 
object in the sky the space station 
is easy to see if you know when to Already r 


look up. eS) 


See the interabonal Space 


Siabon! Ag fee fied beeps 
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Microgravity 


Go online Find your location This is what we think of as 

Go to the website |spotthestation.nasa.govy Here you'll Enter your country, state or region and nearest city. weightlessness. When a body is in 

find out how to see the ISS, including where in your skies NASA has provided 4,600 locations around the world, orbit around the Earth it is effectively 
you can expect it to appear. so there’s bound to be one near you. Then click ‘next’. in a state of zero-g. However, the 


g-forces are not quite at zero, they are 
just very, very small. 


— ———_— or These are arrays of light-sensitive 
materials which produce electricity 
when bathed in sunlight. The 
electricity is stored in batteries and can 
provide up to 90kW to the station. The 
ISS has 4,000 square metres (43,560 
square feet) of solar panels. 


Meteorology 


The study of the weather systems of 
the Earth. The orbit of the ISS gives 
unprecedented views of the entire 





Location details Head outside surface of the Earth and so allows 
The next screen will show you upcoming dates for the If it’s clear, go outside, but make sure you give yourself monitoring of the weather systems in 
ISS in your area. It tells you how long the ISS will be a few minutes before the expected time. Look up at the some detail. 

visible for as well as its maximum height and other details. sky towards the correct horizon and wait. 


Inclined 
orbit 


The path of the International Space 
Station gives the orbital pattern a 
wave-like appearance if viewed against 
a map of the Earth. The reason for 

this inclination is to make it easier for 
the Russian rockets which supply the 
Station to reach it. 


Apps 


This is short for the word applications 
and refers to any program developed 
for modern computer systems 

and which are designed to be user 





Be patient friendly. It has particular relevance to 
The ISS might not appear exactly on time. Various It's great fun to spot the ISS with friends so why not smartphones and tablet computers. 
factors can affect this so keep watching even for several make a party of it? You can share what you've seen and 

minutes after the expected arrival time. encourage others to look out the next time it comes around! 
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Me&My 
Telescope 


Send your astronomy photos or . 
UelNE eRe) (elem vide (elem [cee] 
to photos@spaceanswers.com and 

we'll showcase them every issue 











PRM oad 

Colorado, USA; = 
Senldtsam@clectlem | 
Astronamical Society 
Telescope: 830mm 
ED refractor 
aN ya bel ep veer Tocca 
[below right] is the 
crescent Moon with Jupiter and Venus 
taken on 11 June 2013 with a Canon 
1000D. The [main image] is a wide- 
field view of the M42 galaxy [Orion 
Nebula], taken through an 80mm 
ED refractor. The third image [below 
left] is a SPCO9OONC Philips webcam 
shot of Sattirn through a 80mm ED 





refractor with an4@R blocking filter and 


1,200 frames stacked in RegiStax and 
tweaked in Picture Publisher. For the 
last image [bottom left] of the Moon, 
in June we had two major forest fires 
in our ayea, the closest being 15 miles 
from my observatory [the Night Sky 
Observatory in the Colorado Rocky 
Mountains]. The sky was completely 
blocked with smoke for the June 
Super Moon. This image is the actual 
colour of the ‘Super Fire Moon’ seen 
through the smoke.” 
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Me & My Telescope 
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Nick Howes 
Wiltshire, UK > 
P Telescope: n/a ‘4 
“This image of a Perseid meteor in mid-August 
: was taken by my seven-year-old daughter. 
She'll be chuffed to bits to see it in your 
magazine. It was taken with a Canon EOS 10D/ 7 
ISO 800 with a 30-second exposure.” 


Gary Pickup 


. Salford, UK 
f v 







Telescope: Celestron AstroMaster 114 

“On 12 August 2013 I tried to view the Perseid meteor shower 
and I managed to see three meteorites before the sky clouded 
over on me. I didn’t manage to capture any spectacular photos 
of the shower but I did get a good one of The Plough. The photos 
were taken using a Canon E600D with a 30-second exposure.” 






' Colorado, USA 

« Telescope: Meade ETX-LS8 
“I am the public relations 
director for the Southern 
Colorado Astronomical | 
Society. We have a great outreach programme 
that is making wonderful connections with 

area schools and our community. In the past 

two years we've taken the membership from 13, 

to over 100 and see no sign of growth slowing 
down. It’s really amazing to be part of an 
organisation that is having such a positive impact 
on our community. These images were taken on 
9 June 2013 under the pristine skies of Westcliffe, 
Colorado at an elevation of 8,500 feet. I used a 
Nikon D3100 DSLR with a two-inch T-ring adapter 
mounted to a Meade ETX-LS8 telescope.” 
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First-time 


dasttonomers = 


Two amateurs try out two very 
different, beginner-friendly telescopes 


Celestron 


optics are great for some 
quality astronomy 


NexStar 130 SLT 


Tested by: Dave 
Scarborough 
Cost: £425/$650 
From: 
“Astronomy isn't 
something that's 
Teally interested 
me before. Sure, 
I've gazed up at the night sky and tried 
to identify constellations now and 
again, but I'd never really given ‘proper’ 
astronomy a go until 1 got my hands 
on this telescope. 

“From the get-go I knew I was in 
for a bit of a challenge. For a novice 
like me setting up a telescope is a 
daunting prospect. I'd been given a 
few pointers on what to do, but even 
then I struggled at times. Actually 
putting the telescope together wasn't 
too difficult. Once I had the mount set 
up I could just pretty much clip the 
telescope in. I attached the finderscope 
and the eyepiece and used the tray 
table to store any errant bits of kit I 
had lying around. 

“After plugging the battery back into 
the NexStar 130 SLT, I then set about 
trying to use the SkyAlign technology 
to utilise the computerised features 


of the telescope. This was much more 
difficult than I expected. I was using 
the three-star align process, which 
required me to focus the telescope on 
three bright stars in the night sky and 
the software would apparently do the 
rest. My first few attempts at doing 
this, however, were unsuccessful. 
Reading some instructions online 
informed me that I needed to align the 
finderscope properly and, once I had 
done this, I was finally able to get the 
telescope aligned. 

“Even then, however, I found the 
accuracy of the telescope to be a little 
bit wayward at times. Focusing on the 
Moon, for example, required a bit of 
manual adjustment, while I struggled 
with smaller objects in the night sky 
like Polaris. But while the setup might 
have been something of a challenge, 
the views through the telescope were 
rather amazing. The clarity of the 
Moon, for example, was astounding, 
and it made the whole process of 
setting up the telescope worthwhile. 
Once you've managed to get to 
grips with using the computerised 
functionality of the telescope, I'd 
recommend this to anyone looking to 
do some ‘proper’ astronomy.” @ 
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Using the SkyAlign 
computerised software for the 
first time can be tricky 
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Gavin was able to get a great 
sight of the Moon through the 
Vixen telescope 




































Using a manual telescope 
like this can be challenging 
for first-time astronomers 


The Vixen VMC-110L can 
support two eyepieces 
simultaneously to offer 
amore comfortable 
viewing experience 
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First-time astronomers 






Vixen 
VMC-1L1I0L 


Tested by: Gavin 
Thomas 
Cost: £219/ $299 
From: Www. 
vixenoptics.co.uk 
‘I've been waiting 
to have a go at 
astronomy for a long, long time but 
I've just never found the time to do it. 
Finally, though, I managed to set aside 
a few evenings to try out the Vixen 
VMC-110L reflector telescope, and I 
was pleasantly surprised with my first 
attempt at astronomy. 

“Setting up the telescope was quite 
easy. There's not really any fiddly 
bits or screws, like I had expected, 
and everything just sort of connects 
together rather simply. I'm told this 
telescope is a bit different in its design 
to others as you can attach two 
eyepieces, one on the top and one at 
the base of the telescope, to give you 
two ways to look through it. This was 
especially useful as prolonged viewing 
through one could be tiresome, so I 
liked to switch between the two. 

“As this is a manual telescope, 
moving it requires you to attach two 
somewhat flimsy knobs. With them 














attached you can then point the 
telescope to a particular point of the 
sky. I used an app on my phone to 
help me locate objects in the night 
sky, as using a physical planisphere 
seemed like a bit too much of a 
challenge as a first-timer. 

“My first port of call, as I hear is the 
norm for most amateur astronomers, 
was the Moon. Seeing it up close 
through this Vixen telescope was 
amazing. I'd never seen such a clear 
view of the Moon before, and I 
probably spent a good portion of my 
time just staring at it and trying to 
discern some of its features. 

“After this I had a go at finding other 
objects in the sky. My attempts at 
locating Saturn proved a little bit less 
fruitful, but I'll be sure to have another 
go in the future. I was able to observe 
some pretty fantastic clusters of stars 
in constellations like the Big Dipper, 
however, which was great. 

"Overall, I was very pleased with 
my first experience using a telescope. 
I might have a go with a computerised 
one in the future, but to be honest I 
didn't have that much trouble using a 
manual telescope like this.” @ 


“I was able to observe some 
pretty fantastic clusters of 


Stars in the Big Dipper’ 
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Mirrors 

The 150mm 
primary mirror 
is parabolic, 
focusing light 
down the tube 
on to the 47mm 
secondary 
mirror. 


Finderscope 
The 6x30 
finderscope is a 
vital piece of kit 
for this manual 
Newtonian 
telescope. 


Mount 

An adjustable 
aluminium tripod 
with equatorial 





vv 


mount is > | Tube 
compatible with ; A 750mm tube 
single and dual- : combined with 
axis motors. ) the primary 
\ mirror sacrifices 


' magnification for 
| increased field 

of view, ideal for 

beginners. 
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Telescope 
advice 


Cost: £429.99/$665.79 

From: www.opticalhardware.co.uk 
Type: Reflector 

Aperture: 150mm 

Focal Length: 750mm 
Magnification: 30-75x 

Obviously for those upgrading from 
naked-eye or simple binocular 
astronomy, any telescope worth its salt 
will improve your viewing experience 
and help you pick out those celestial 
objects, the planets and closer nebulas, 
in greater detail. So unless you're a 
particularly ambitious newbie, then 
simplicity of use and low price will 

be your priority over many other 
qualities in a telescope. Fortunately, 
the relatively simple manufacturing 


| fone A A | process of Newtonian telescopes 
| 44 800d quality Newtonlall terescope / (which consist of a couple of mirrors 


eam SL S(O and a lens in a tube) make them 


both cheap to buy and fairly simple 


start a stargazing hobby with * . | 
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Telescope advice 


Visiona 
Saxon 6 


A very reliable and great 
value telescope package for 
beginners upwards 





b 
The Saxon 6 mount is compatible with 







a motor and handheld computer but 
Waa UTI Bele R cod lettin oe 


to use, even if they do need tuning 
every now and then. Beginners will 
probably want to take advantage of the 
value of the Visionary Saxon 6's full 
package, which comprises a tube with 
a 750mm focal length and six-inch 
primary mirror, two different 1.25- 
inch eyepieces (Omm and 25mm), a 
6x30 finderscope and a good quality 
equatorial mount with counterweight 
and tripod. 

Setup is simple but due to their 
size and weight, the tube and the 
counterweight require a degree of 
delicacy in fixing and adjusting on 
the mount that younger stargazers 
might need help with. Although 
the mount in the Saxon 6 outfit is 
compatible with a motor and handheld 
computer, they're not included with 
this package, which means it’s down 
to your astronomy basics or some old- 
fashioned trial and error as you scan 
the sky to find what you're looking 
for. It's a competitively priced, quality 
telescope for beginners upwards. @ 
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Cost: £8.99/$14.00 

See ee ee 
Author David Ashford's rather 
compact volume offers expert insight 
into why we haven't gone back to 

the Moon in over 40 years, why the 
Space Shuttle programme hasn't 
been replaced and, indeed, why the 
‘new space age’ hasn't appeared yet. 
As the managing director of Bristol 
Spaceplanes Ltd, he has a compelling 
argument that, if it’s possible for 

an individual with the skills anda 
little financing to ascend to space 

for a few million, there's no reason 

a billion-dollar space agency can't. 
Space Exploration is structured in 
pithy chapters, leading in with a bit of 
history, the current market and future 
space exploits, and ending with 
something quite aspirational, even if 
it feels just a little bit biased. @ 


2 Eyepiece 
Ostara Peres ene 
pe tube Cheshire 
Wirt es 
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Newtonian reflectors can be popular 
among amateur astronomers because 
of their relatively low price, however, 
they do come with the cost of having 
to be regularly tuned up. In other 
words, to get a top performance out of 
a Newtonian, you'll need to line all its 
working components up - collimate 
it. It can be done with a few simple 
tools including a Cheshire collimating 
eyepiece like this. It comprises a 
31.75mm (1.25in) diameter tube with a 
pinhole through a reflective diagonal 
at one end, and a copper crosshair 

at the other. It fits smoothly into the 
eyepiece and though it may take a 
beginner a while to align the mirrors 
for the first time, this handy tool can 
make it a 10-minute job. @ 


CR nailer en 
Celestron Regal M2 
SOED 

Cost: £750/$1,159.68 

Reus 

The créme de la créme of spotting 

devices is hardly going to be a 

priority for a beginner or intermediate 

amateur astronomer, but Celestron’s 

M2 80ED is a multi-functional 

tool: its metal eyecap houses an 

adjustable eyepiece that can be used 

to zoom from 20-60x magnification 
with a relatively wide field of view, 
considering. It has superb sharpness 

and colour correction, as well as a 

dual-focus that allows switching 

between coarse and fine detail 
adjustments. Its T-adapter ring 

makes the Regal M2 80ED a decent 

astrophotography option, plus the 
standard 31.75mm (1.25in) eyepiece 
mount and tripod/mount requirement 
means it’s a quick and easy, if a little 
pricey, telescope replacement, too. @ 
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Visionary HD 10x50 
Cost:£109.99/$170.26 
eed 
The specifications of the Visionary 
HD 10x50 don’t necessarily lend it 
automatically to astronomy: its higher 
magnification means it straddles the 
boundary between daytime terrestrial 
viewing and an effective spotting 

tool for night-time astronomy. But the 
quality and price means it shouldn't 
be ruled out as an option for those 
sniffing around for binoculars a shade 
better than an entry-level model. As 

a middle-member of the Visionary 
HD range, BAK4 prisms, fully multi- 
coated lenses and rubber armoured 
body come as standard on these 
10x50s, and the viewing experience 
is comfortable and sharp. The field 

of view is a little on the tight side for 
us, but a careful owner with a steady 
hand could make good use of this pair 
of binoculars’ higher magnification. ® 





Get your hands on a fantastic telescope outfit 
from Optical Hardware in our latest competition. 


This issue our friends at Optical Hardware (www.opticalhardware.co.uk) are giving away this fantastic 
entry-level telescope. The Telesto 1000/114 is a reflecting telescope outfit aimed at astronomy beginners. 

The outfit inchides the telescope, a tripod, an equatorial mount, two eyepieces and a side finderscope; 
everything you need to get started. The Visionary Telesto also accepts all standard 1.25-inch eyepieces and 
EUG OG ce Bee ee ee Ce een ee alee 


To enter, all you have to do is answer this question: 


CCD cameras from Celestron, Moravian In: ts & ZWO 

Widest range of visual & astrophotography accesories aie 
Great gift ideas: astronomical globes, planetariums, astronc 
models, HaloTech & Astrolabe watches 

Telescopes for beginners, amateurs & professionals from CELESTRON, 
FORNAX, IOPTRON, LUNT, SKYWATCHER, VIXEN and more! 


Astronomik, Astrotrac, 
Baader, Sarr & Stroud, 
Celestron, Farpoint, Minox, 

Lacerta, $ky-Watcher, 






CELESTRON 


Nexstar SLT 127 


The NexStar SLT 127 Maksutov 
Cassegrain is an affordable mid level 
computerised GoTo telescope, it is loaded 
with valuable design features. 
assembled, adjustable stainless steel 
tripod and quick release fork arms and 
tubes, means that the NexStar 127 SLT 
telescope can be set up in a matter of 


minutes — with no _ tools 


Enabling you to see details of the lunar 
surface, Venus and its phases, polar caps 
on Mars, Jupiter and its four moons, 
Saturn with its rings plainly visible and 
much more! The NexStar SLT127 can 
also be used as a land-based spotting 


telescope. 


Nexstar 127 SLT Goto 


£389.00 


Free 12v Mains unit worth £20.00 


Teleskop-Service ) PF | LOG ON to our website for 


more competitive prices on scopes 
from the world's leading manufacturers. 
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| Tel. 01527-857500 Fax 01527-857501 
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One of the most successful space 
designs ever, the initial flight of the 
Vostok which carried the first 
human being into space was 
launched on April 12 1961. 

Vostok 1 carrying cosmonaut Yuri A. 
Gagarin made a single orbit of Earth 
before re-entry. 
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Walker flew the X-15 
over 20 times and 
became the first person 
to go into space twice 


The stellar rise and tragic end of 
the world's first spaceplane pilot 


In 1954, the National Advisory 
Committee for Aeronautics (NACA), 
the precursor agency to NASA, 

was studying proposals to build a 
hypersonic research aircraft. Dubbed 
the X-15, the rocket-powered aircraft 
would not only take humans faster 
than they had ever been before, it 
would also have the capability to take 
its sole pilot into space, albeit for a brief 
period of time. 

To pilot this advanced spacecraft, 
the world’s first working spaceplane, 
NASA and the United States Air 
Force (USAF) - who had jointly taken 
control of the project - drew up a list 
of nine elite test pilots that would be 
tasked with handling the X-15. This 
programme was initially called Man 
In Space Soonest (MISS), the goal of 
which was to put a human into space 
before the Soviet Union, although it 
was later incorporated into NASA’s 
Project Mercury. 

Among the select group of pilots - 
which included the first man on the 
Moon Neil Armstrong - was Joseph 
Albert Walker, a captain in the USAF 
who had shown an aptitude for flying. 
Walker was born on 20 February 1921 
in Washington, Pennsylvania, USA. 
Before joining the USAF (then called 
the United States Army Air Forces), 
Walker had earned a bachelor's degree 
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in physics from Washington and 
Jefferson College in Pennsylvania. 

Walker had gained his first batch 
of flying experience in World War II 
when he was enlisted to fly weather 
reconnaissance flights, earning himself 
numerous accolades in the process. At 
the end of the war he left the Air Force 
and took his flying experience, as well 
as his aptitude for physics, to the NACA 
in Cleveland, Ohio. Here he became 
both a test pilot and an experimental 
physicist. In the early Fifties he 
transferred to the High Speed Flight 
Research Station (now the Dryden 
Flight Research Center) in California, 
and by the middle of the decade he 
was a chief research pilot. Walker's 
role saw him work on a number of 
experimental aircraft, including the 
supersonic Bell X-1 rocket plane and 
the Douglas X-3 Stiletto jet aircraft. 

With the commencement of the MISS 
programme in the late Fifties, which 
was soon merged into Project Mercury, 
Walker became a test pilot for NASA. 
His role would be to test the X-15 rocket 
plane and, after manufacturer North 
American Aviation's own pilot - Scott 
Crossfield - had tested the X-15, Walker 
became the first NASA pilot to fly the 
experimental aircraft. 

The X-15 was astounding in its design. 
It still holds the record for the fastest 





manned aircraft ever flown, achieving 
a maximum speed of 7,274 kilometres 
(4,520 miles) per hour. Aside from 
blistering speed, however, the aim of 
the X-15 was also to take its pilots into 
space. At the time the X-15 was flown, 
the USAF regarded the boundary of 
space to be just 80 kilometres (50 
miles), although it is now recognised as 
100 kilometres (62 miles). 

Walker flew the X-15 over 20 times, 
and he was the only pilot to actually 
take the spaceplane into the true 
definition of space. On 19 July 1963, he 
took it to a height of 106 kilometres (66 
miles), and a month later he surpassed 
that altitude by two kilometres (1.2 
miles). In doing so, he became the first 
person to have gone into space twice. 
Aside from the X-15 spaceplane, Walker 
was also the first test pilot for the 
Bell Lunar Landing Research Vehicle 
(LLRV), the vehicle that was used to 
test landing techniques to touch down 
on the lunar surface. 

On 8 June 1966, however, Walker 
would tragically lose his life.On a 
routine flight for a publicity photo, his 
F-104 Starfighter aircraft collided with 
a North American XB-/0 Valkyrie, 
almost instantly exploding Walker's 
plane in midair. His legacy, however, 
is plain to see. He was pivotal in 
advancing many of the research 
projects of the Fifties and Sixties, 
and his work on the X-15 and LLRV 
was crucial for NASA's continued 
involvement in space. On 23 August 
2005, NASA posthumously gave 
Walker his astronaut’s wings, a lasting 
legacy to the man who helped kick 
start the space era. @ 
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Grasp the Fascinating 
Universe of Particle 
Physics 

How well do you understand particle physics, the cutting-edge 
science bound to shape the entire future of civilisation? Now, 


grasp the basics of this next scientific frontier with Particle 
Physics for Non-Physicists: A Tour of the Microcosmos. 


In these 24 illuminating lectures taught by award-winning 
Professor Steven Pollock, discover how subatomic particles 

can be marvellously complex—yet completely interesting and 
comprehensible. Terms such as quarks, bosons, and neutrinos 
are explained in ways you can visualise, understand, and retain. 
Don't miss this unprecedented opportunity to slice through the 
mystery of particle physics and glimpse what lies beneath our 
visible universe. 


Offer expires 18/11/13 
0800 298 9796 





LECTURE TITLES 

Nature of Physics 

Standard Model of Particle Physics 
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. Birth of Modern Physics 

Quantum Mechanics Gets Serious 

New Particles & New Technologies 

Weak Interactions & the Neutrino 
Accelerators & Particle Explosion 

Particle “Zoo” 

10. Fields & Forces 

Tl. “Three Quarks for Muster Mark” 

12. From Quarks to QCD 

13. Symmetry & Conservation Laws 

14. Broken Symmetry, Shattered Mirrors 

15. November Revolution of 1974 

16. A New Generation 

17. Weak Forces & the Standard Model 

18. Greatest Success Story in Physics 

SM ease tel 

20.Solar Neutrino Puzzle 

21. Back to the Future (1)—Experiments to Come 
22. Back to the Future (2)—Puzzles & Progress 
23. Really Big Stuff—The Origin of the Universe 
24. Looking Back & Looking Forwards 
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Particle Physics for Non-Physicists: 
A Tour of the Microcosmos 
Course no. 1247 | 24 lectures (30 minutes/lecture) 


SAVE £30 


DVD £54.99 
CD £35.99 


+£2.99 Postage and Packing 
sls Mls |e Pl) 


Designed to meet the demand for lifelong learning, 
The Great Courses is a highly popular series of 
audio and video lectures led by top professors 
and experts. Each of our more than 450 courses 
is an intellectually engaging experience that will 
change how you think about the world. Since 
1990, over 14 million courses have been sold. 
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ASTRONOMY « SPORTS OPTICS » MICROSCOPES 
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lf you're looking for a dual-purpose telescope appropriate for 
both terrestrial and celestial viewing, then the AstroMaster Series is for you. 
Eacn AstroMaster model is capable of giving correct views of land and sky. 


The AstroMaster Series produce bright, clear images of the moon and planets. 
Even the moons of Jupiter and the rings of Saturn can be easily seen with 
every one of these fine instruments. For views of the brighter deep space 
objects like galaxies and nebulae, we recommend the larger aperture and light 
gathering ability of the Newtonian reflectors. 


* For details of your nearest stockist please call Hama (UK) Ltd on 0845 230 4262 
View the full range at www.hama.co.uk/products/celestron 


